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PREFACE  TO  THE   FIRST  EDITION 

The  volume  here  presented  is  primarily  a  treatise  on  the  funda- 
mental laws  and  technique  of  Bacteriology,  as  illustrated  by  their 
application  to  the  study  of  pathogenic  bacteria. 

So  ubiquitous  are  the  bacteria  and  so  manifold  their  activities 
that  Bacteriology,  although  one  of  the  youngest  of  sciences,  has 
already  been  divided  into  special  fields — Medical,  Sanitary,  Agricul- 
tural, and  Industrial — having  little  in  common,  except  problems  of 
general  bacterial  physiology  and  certain  fundamental  technical  pro- 
cedures. 

From  no  other  jwint  of  approach,  however,  is  such  a  breadth  of 
conception  attainable,  as  through  the  study  of  bacteria  in  their  rela- 
tion to  disease  processes  in  man  and  animals.  Through  such  a 
study  one  must  become  familiar  not  only  with  the  growth  character- 
istics and  products  of  the  bactt'ria  apart  from  the  animal  botly,  thus 
gaining  a  knowledge  of  methods  and  procedures  common  to  the  study 
of  pathogenic  and  non-pathogenic  organisms,  but  also  with  those 
complicated  reaction.?  taking  jilace  between  the  bacteria  and  their 
products  on  the  one  hand  anil  the  cells  anti  fluids  of  the  animal  l>ody 
on  the  other — reactions  which  often  manifest  themselves  as  sjinptoms 
and  lesions  of  disease  or  by  visible  changes  in  the  test  tube. 

Through  a  study  and  comprehension  of  the  processes  underlying 
these  reactions,  our  knowledge  of  cell  physiologj-  has  been  broadened, 
and  facts  of  inastimable  value  have  been  discovered,  which  have 
thrown  light  upon  some  of  the  most  obscure  problems  of  infection 
and  immunity  and  have  led  to  hitherto  unsuspected  methods  of 
treatment  and  diagnosis.  Thus,  through  Medical  Bacteriology — that 
highly  specialized  offshoot  of  General  Biolog>'  and  Pathology — have 
been  given  back  to  the  parent  sciences  and  to  Medicine  in  general 
methods  and  knowledge  of  the  widest  application. 

It  has  been  our  endeavor,  thererore,  to  present  this  phase  of  our 
subject  in  as  broad  and  critical  a  manner  at;  possible  in  iho  SHitioris 
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vi  PREFACE 

dealing  with  infection  and  immunity  and  with  methods  of  biological 
diagnosis  and  treatment  of  disease,  so  that  the  student  and  practi- 
tioner of  medicine,  by  becoming  familiar  with  underlying  laws  and 
principles,  may  not  only  be  in  a  position  to  realize  the  meaning  and 
scope  of  some  of  these  newer  discoveries  and  methods,  but  may  be 
in  better  position  to  decide  for  themselves  their  proper  application 
and  limitations. 

We  have  not  hesitated,  whenever  neceifflary  for  a  proper  under- 
standing of  processes  of  bacterial  nutrition  or  physiology,  or  for 
breadth  of  view  in  considering  problems  of  the  relation  of  bacteria 
to  our  food  supply  and  environment,  to  make  free  use  of  illustrations 
from  the  more  special  fields  of  agricultural  and  sanitary  bacteriology, 
and  some  special  methods  of  the  bacteriology  of  sanitation  are  given 
in  the  last  division  of  the  book,  dealing  with  the  bacteria  in  relation 
to  our  food  and  environment. 

In  conclusion  it  may  be  said  that  the  scope  and  arrangement  of 
subjects  treated  of  in  this  book  are  the  direct  outcome  of  many  years 
of  experience  in  the  instruction  of  students  in  medical  and  to  advanced 
university  courses  in  bacteriology,  and  that  it  is  our  hope  that  this 
volume  may  not  only  meet  the  needs  of  such  students  but  may  prove 
of  value  to  the  practitioner  of  medicine  for  whom  it  has  also  been 
written. 

It  is  a  pleasure  to  acknowledge  the  courtesy  of  those  who  furnished 
us  with  illustrations  for  use  in  the  text,  and  our  indebtedness  to  Dr. 
Gardner  Hopkins  and  Professor  Francis  Carter  Wood  for  a  number 
of  the  photomicrographs  taken  espenally  for  this  work. 

P.  H.  H.,  Jr., 
H.Z. 


PREFACE  TO  THE  SECOND  EDITION 


Inquiry  in  the  field  of  bacteriology  is  so  active  at  the  present  day 
that  no  general  text-lxnjk  can  maintain  its  usefulness  long  without 
frequent  revision.  In  preparing  the  second  edition  of  this  book  it  has 
been  our  purpose  to  correct  omissions  and  to  incorporate  the  more  im- 
portant researches  of  the  last  three  years,  rather  than  to  alter  exten- 
sively the  plan  of  the  text.  From  the  wealth  of  material  which  these 
years  have  brought,  we  have  attempted  to  glean  those  facts  which 
have  seemed  to  us  most  important  and  most  directly  bearing  upon 
metiical  problems,  since  this  book  was  planned,  from  the  beginning,  to 
meet  especially  the  needs  of  the  student  of  infectious  disease. 

The  most  extensive  changes  and  additions  have  been  made  in  the 
chapters  on  streptococci,  tuberculosis,  plague,  leprosy,  syphilis,  rabies, 
and  poliomyelitis.  Short  sections  on  typhus  fever,  on  the  plague- 
like disea.se  of  rodents,  and  on  rat  leprosy  have  been  added,  and  we  have 
inserted  a  tabulation  of  our  knowledge  of  filtrable  virus,  adapted 
largely  from  the  summary  recently  published  by  Wolbach.  The  Ander- 
son and  McClintic  method  for  the  standardization  of  disinfectants, 
and  Churchman's  recent  work  on  anilin  dyes  and  bacterial  growth, 
have  been  added.  Many  minor  corrections  and  additions  have  been 
made  throughout  the  text.  In  preparing  these  changes,  valuable  as- 
sistance has  been  given  us  by  Dr.  J.  Gardner  Hopkins,  Associate  in 
Bacteriolog>'  at  Columbia  University,  and  many  helpful  suggestions 
have  been  made  by  Drs.  Dwyer  and  Bliss. 

It  has  Ijecn  gratifying  to  note  how  much  of  the  work  which  seemed 
to  us  particularly  valuable  and  enlightening  has  emanated,  during  these 
three  years,  from  American  laburaturies. 

We  have  purposely  omitted  making  any  extensive  changes  in  the 
section  on  immunity.  The  function  of  this  part  of  the  book  is  to  give 
the  l^ginner  a  basis  for  further  reading  and  introtluce  him,  as  simply  as 
possible,  to  the  difficult  problems  of  the  field.  We  have  felt  that  the 
addition  of  much  more  detail  and  theory  would  render  this  section  un- 
suited  to  the  needs  of  a  general  text-book. 

It  is  a  sorrowful  necessity  that  this  revision  must  be  put  forth  witb- 
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out  the  wise  counsel  of  one  of  its  authors.  Since  the  first  edition  of  this 
book  was  published  Prof.  Philip  Hanson  Hiss,  Jr.,  has  died.  By  his 
death  we  have  lost  a  dear  friend  and  a  valued  teacher,  and  American 
bacteriology  has  been  deprived  of  a  worker  who  was  entering  into  the 
most  brilliant  period  of  bis  scientific  maturity. 

H.  Z. 
Nkw  York,  1914 


PREFACE  TO  THIRD  EDITION 


The  need  for  a  new  edition  of  the  Text  Book  has  offered  a  welcome 
opportunity  for  the  atUlitton  of  the  many  new  facts  revealed  by  investi^ 
gation  during  the  last  two  years.  A  thorough  revision  of  the  entire 
book  has  incidentally  been  made  since  experience  with  it  in  teaching, 
the  questions  of  students,  and  the  comments  of  associates  have  in- 
dicated sections,  here  and  there,  in  which  slight  changes,  elabora- 
tions or  omissions,  would  add  to  clearness  and  simplicity.  In  this,  as 
in  the  choice  of  new  materijil,  the  writer  has  again  been  guided  chiefly 
by  the  desire  to  cnliance  the  practical  usefulness  of  the  treatise  for  medi- 
cal students  and  workers  interested  primarily  in  infectious  diseases. 

In  the  section  on  Biology  and  Technique,  the  changes  have  been 
relatively  few.  To  the  chapter  on  culture  media,  there  have  been  added 
Kendall's  modification  of  Endo's  medium,  Pctroff's  media  for  tubercle 
bacillus  cultivation,  Krumwiede's  brilliant  green  medium,  and  Russell's 
double  sugar  medium.  Many  other  minor,  yet,  in  our  opinion  impor- 
tant, alterations  have  been  made  in  this  chapter,  but  throughout  the 
book  only  such  methods  have  been  added  as  have  been  found  to  be 
actually  useful  ha  our  o\vn  practice  or  in  that  of  our  associates. 

The  section  on  Immunity  has  been  very  thoroughly  revisetl  in  order 
to  keep  within  the  same  small  space  a  more  accurately  modern  pres- 
entation of  this  complicated  subject.  It  has  not,  of  course,  been  possible 
to  cover  this  field  as  thoroughly  as  it  might  be  covered  in  a  volume 
separately  devoted  to  the  subject,  but  the  outline  here  given  is  intend- 
ed mainly  to  furnish  a  sound  foundation  for  further  study. 

In  the  chapter  on  the  pathogenic  microorganisms  themselves,  the 
most  extensive  changes  have  been  neces.sary  in  the  pneumococcus  sec- 
tion and  in  the  one  on  treponema  pallidum.  However,  all  the  chapters 
have  been  revised  with  care  and  many  small  additions  and  omissions 
made  where  new  facta  and  the  revision  of  older  opinions  have  made  this 
desirable. 

H.  Z. 
College  of  Physicians  and  Surgeons,  Columbia  University,  N.  Y. 


PREFACE  TO  THE  FOURTH  EDITION 


The  most  important  eluinge  incorporated  in  the  fourth  edition  of 
our  Text-Book  is  the  section  ou  Pathofreiiic  Protozoa  written  by 
Major  Frederick  F.  Russell,  of  the  Medical  Corps  of  the  United 
States  Army.  )i\Tieii  the  firet  edition  of  this  book  was  written  the  ad- 
dition of  a  section  on  Protozoa  was  seriously  considered,  but  was 
finally  omitted  because  it  was  the  desire  of  both  the  writers  at  that 
time  that  nothing  should  go  into  the  hook  that  could  not  be  based 
on  personal  knowledge,  and,  sitice  neither  the  lute  Dr.  Hiss  nor  the 
undei'signcd  had  .worked  systematically  in  the  field  of  protozoology, 

fit  was  thought  better  to  limit  the  book  to  our  own  field  of  bacteriology. 
The  book  has  since  then  gone  through  three  editions  and  it  has  be- 

|come  more  and  more  apparent  that  it  has  found  its  greatest  useful- 

iDess  as  a  text-book  for  medical  students  and  a  reference  book  for 
physicians  and  laboratory  workers.  For  these  purposes,  however, 
it  has  had  the  serious  defect  of  giving  no  information  about  such 
microorganisms  as  the  malaria  plasmodia,  the  trypanosomes  and 
other  pathogenic  microorganisms,  which,  though  technically  protozoa, 

[are  necessary  objects  of  interest  to  all  medical  laboratory  workers. 
It  has  appeared  to  us,  therefore,  that  the  practical  value  of  the  book 
would  be  greatly  enhanced  by  the  addition  of  a  short  treatise  on  the 
protozoa,  if  written  by  someone  who  had  been  in  toucli  with  this  field, 
rather  from  the  practical  medical  point  of  view  than  from  that  of  the 
zoologist.  Major  Kus^ell  has  kindly  consented  to  supply  this  de- 
ficiency in  a  section  which  makes  no  claim  to  zoological  complete- 
ness,  but   is   written   with    the  definite   purpose  of  giving  medical 

[workers  concise  information  concerning  the  important  pathogenic 
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species,  with  especial  consideration  of  their  common  occurrence,  the 
methods  of  their  detection  and  recognition,  and  correlation  to  the 
diseases  which  thej  incite. 

In  other  respects  the  book  has  been  thoroughly  gone  over.  In  the 
section  on  Biology  and  Technique  a  few  methods,  which  we  ourselves 
have  found  it  unnecessary  to  use,  have  been  omitted.  A  few  other 
methods  have  been  added  and  a  few  of  the  most  useful  ones  ampli- 
fied. Minor  changes  have  been  made  in  the  section  on  Immunity. 
The  chapter  on  Streptococcus  has  been  revised  and  considerable  addi- 
tions and  changes  have  been  made  in  the  chapters  on  the  Paratyphoid 
and  Typhoid  Bacilli.  The  more  recent  work  on  the  Schick  Test  and 
on  the  Determination  of  Vinilence  of  the, Diphtheria  Bacillus  has 
been  in<^rporated.  Minor  changes  have  been  made  in  the  sections 
on  Bacteria  in  Water  and  Milk. 

Altogether  it  has  been  attempted  to  bring  the  material  up  to  date, 
especially  in  those  features  in  which  we  think  its  greatest  usefulness 
lies,  namely,  as  a  guide  for  the  actual  performance  of  bacteriological 
•work.  It  is  a  pleasure  again  to  acknowledge  the  valuable  assistance 
of  Prof.  J.  G.  Hopkins  in  correcting  and  rearranging  the  book. 

Hans  Zinsser. 

College  of  Physicians  and  Surgeons, 
Columbia  University, 
New  York  City. 
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CHAPTER   I 


THE   DEVELOPMENT   AND   SCOPE  OF   BACTERIOLOGY 

As  we  trace  back  to  their  ultimat*  origins  the  lines  of  development 
of  living  beings  of  the  animal  and  plant  kingdoms,  we  find  them  con- 
verging toward  a  common  type,  repn'scnted  by  a  large  group  of  uni- 
cellular organisms,  so  simple  in  structure,  so  unspccializetl  in  function, 
that  their  classification  in  either  the  realm  of  plants  or  that  of  animals 
becomes  little  more  than  an  academic  question.  However,  even  such 
microorganisms,  in  wliicli  the  functions  of  nutrition,  respiration,  loco- 
motion,  and  reproduction  are  concentrated  within  the  confines  of  a 
single  cell,  and  in  which  a<laptation  to  special  conditions  more  readily 
brings  about  modifications  leading  to  Ihe  production  of  a  multitude  of 
delicately  gradeil  transitional  forms,  fall  into  groups  which,  either  in 
structure  or  in  biological  attributes  show  evidence  of  a  tendency 
toward  one  or  the  other  of  the  great  kingdoms. 

Most  important  of  these  unicellular  forms,  for  the  student  of  medical 
science,  are  the  bacteria  and  the  protozoa. 

The  former,  by  reascju  of  their  undifferentiated  protoplasm,  their 
occasional  possession  of  cellulose  membranes,  their  biological  tendency 
to  synthetize,  as  well  as  to  break  down  organic  comjjound.s,  and  because 
of  the  trarusitional  forms  which  seem  to  connect  them  directly  with  the 
lower  plants,  are  generally  placed  in  the  plant  kingdom.  Tlie  latter, 
chiefly  on  the  basis  of  metabolism,  are  cla.ssificd  with  the  animals. 

Knowledge  of  the  existence  of  microorganisms  as  minute  as  the 
ones  under  di.scussion,  was  of  necessity  forced  to  await  the  perfection  of 
instruments  of  magnification.  It  was  not  until  the  latter  half  of  the 
seventeenth  century,  therefore,  that  the  Jesuit,  Kircher,  in  1650,  and 
the  Dutch  linen-draper,  van  I^eeuwenhoek,  in  1675,  actually  saw  and 
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described  living  beings  too  small  to  be  seen  with  the  naked  eye.  There 
can  be  no  doubt  that  the  small  bodies  seen  by  these  men  and  their  many 
immediate  successors  were,  at  least  in  part,  bacteria.  And  indeed  the 
descriptions  and  illustrations  of  several  of  the  earliest  workers  cor- 
respond with  many  of  the  forms  which  are  well  known  to  us  at  the 
present  day. 

During  the  century  following  the  work  of  these  pioneers,  the  efforts 
of  investigators  lay  chiefly  in  the  more  exact  morphological  description 
of  some  of  the  forms  of  imicellular  life,  already  known.  Conspicuous 
among  the  work  of  this  period  is  that  of  Otto  Friedrich  Muller.  In  the 
generation  following  Miiller's  work,  however,  a  marked  advance  in  the 
study  of  these  forms  was  made  by  Ehrenberg,*  who  established  a 
classification  which,  in  some  of  its  cardinal  divisions,  is  retained  until 
the  present  day. 

Meanwhile  the  regularity  with  which  these  "animalcula"  or  "in- 
fusion animalcula  "  were  demonstrable  in  tartar  from  the  teeth,  in  intes- 
tinal contents,  in  well-water,  etc.,  had  begun  to  arouse  in  the  minds  of 
the  more  advanced  physicians  of  the  time  a  suspicion  as  to  a  possible 
relationship  of  these  minute  forms  with  disease.  The  conception  of 
"contagion,"  or  transmission  of  a  disease  from  one  human  being  to 
another,  was,  however,  even  at  this  time,  centuries  old.  The  fact  had 
been  recognized  by  Aristotle,  had  been  reiterated  by  medieval  philos- 
ophers, and  had  led,  in  1546,  to  the  division  of  contagious  diseases  by 
Fracastor,  into  those  transmitted  "per  contactum,"  and  those  con- 
veyed indirectly  "per  fomitem."  It  was  for  these  mysterious  facts  of 
the  transmissibility  of  disease,  that  clinicians  of  the  eighteenth  century, 
with  remarkable  insight,  saw  an  explanation  in  the  microorganisms  dis- 
covered by  Leeuwenhoek  and  his  followers. 

In  fact,  Plenciz  of  Vienna,  writing  in  1762,  not  only  expressed 
a  belief  in  the  direct  etiological  connection  between  microorganisms 
and  some  diseases,  but  was  the  first  to  advance  the  opinion  that  Sach 
malady  had  its  own  specific  causal  agent,  which  multiplied  enormously 
in  the  disca.sed  body.  The  opinions  of  this  author,  if  translated  into 
the  language  of  our  modem  knowledge  of  the  subject,  came  remark- 
ably near  to  the  truth,  not  only  as  regards  etiology  and  transmission, 
but  also  in  their  suggestion  of  a  specific  therapy  for  each  disease. 

The  conception  of  a  "  contagium  vivum  "  was  thus  practically  es- 
tablished with  the  work  of  Plenciz  and  many  others  who  followed  in 
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his  train,  but  the  astonishingly  shallow  impn'.ssion  whicli  the  acute 
reasoning  of_  these  men  left  upon  the  medical  thought  of  their  day 
furnishes  an  exceU?nt  example  of  the  futility  of  the  most  penetrating 
Bpeculation  when  unsupported  by  experimental  data. 

The  real  advancement  in  the  scientific  development  of  the  subject 
was  destined  to  be  carried  on  along  entirely  different  lines.  In  1837, 
Schwann,  a  botani.st,  showed  that  the  yeasts,  found  in  fernieiiting  sub- 
stances, were  living  beings,  which  bore  a  causal  relationship  to  the  proc- 
ess of  fermentation.  At  almost  the  same  time,  similar  observations  were 
made  by  a  French  physicist,  Cagniard-Latour.  The  opinions  advanced 
by  these  men  on  the  nature  of  fermentation  aroused  much  interest 
and  discussion,  since,  at  that  time  and  for  a  long  period  thereafter, 
fermentation  was  ascribed  universally  toproteid  decomposition,  a  process 
which  was  entirely  obscure  but  firmly  believed  to  be  of  a  purely  chemical 
natuje. 

Although  belief  in  the  discoverj'  of  Schwann  did  not  completely 
master  the  field  until  after  Pasteur  hail  completed  his  classical  studies 
upon  the  fermentations  occurring  in  beer  and  wine,  yet  the  conception 
of  a  "fermentum  vivuin"  aroused  much  speculation,  and  the  attention 
of  physicians  and  scientists  was  attracteil  to  the  many  analogies  ex- 
isting between  phenomena  of  fermentation  and  those  of  disease. 

The  conception  of  such  an  analogy,  however,  was  not  a  new  thought 
in  the  philosoph}'  of  the  time.  Long  before  Schwann  and  Cagniard- 
Latour,  the  philosopher  Robert  Boyle,  working  in  the  seventeenth 
centurj',  had  prophesied  that  the  mysterj'  of  infectious  diseases  would  be 
solved  by  him  who  should  succeed  in  elucidating  the  nature  of  fermenta- 
tion. 

Nevertheless,  the  diligent  search  for  microorganisms  in  relation  to 
various  diseases  which  followed,  led  to  few  results,  and  the  successes 
which  were  attained  were  limited  to  the  diseases  caused  by  some  of 
the  larger  fungi,  favus  (1S39),  tliru.sh  (1839),  and  pityriasis  versicolor 
(1S46).  During  this  time  of  ardent  but  often  poorly  contmlled  etiolog- 
ical research,  it  was  Henle  who  fonnulated  the  postulates  of  conserva- 
tism, almost  as  rigid  as  the  later  jKistulates  of  Koch,  requiring  that 
proof  of  the  etiological  relationship  of  a  microorganism  to  a  disease 
could  not  be  brought  merely  by  finding  it  in  a  lesion  of  the  disease,  but 
that  constant  presence  in  such  lesions  must  be  proven  arul  Isolation  and 
study  of  the  microorganism  away  from  the  diseased  body  must  be  car- 
ried out. 

It  was  during  this  period  also  that  one  of  the  most  fundamental 
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questiona,  namely,  that  of  the  origin  of  these  minute  living  beings,  waa 
being  dLscussetl  with  much  passion  liy  the  sciontific  world.  _  It  wns  lir-ld 
by  the  conservative  majority  that  the  microorganisms  (lescribed  by 
Leeuwenhoek  and  others  after  him,  were  procUired  by  spontaneous 
generation.  The  doctrine  of  spontaneous  generation,  in  fact,  was 
solidly  established  and  sanctified  by  tradition,  and  had  been  applied 
in  the  past  not  alone  to  microorganisms.'  And  it  must  not  be  forgotten 
that  without  the  aid  of  our  modern  methods  of  study,  satisfactory 
proof  for  or  against  such  a  process  was  not  easily  brought. 

Needham,  who  published  in  1749,  had  spent  much  time  in  fortify- 
ing his  opinions  in  favor  of  spontaneous  generation  by  extensive  ex- 
perimentation. He  had  placed  putrefying  material  and  vegetable  in- 
fusions in  sealed  flasks,  exposing  them  for  a  short  time  to  heat,  by 
immersing  them  in  a  vessel  of  boiling  water,  and  had  later  shown  them 
to  be  teeming  with  microorganisms.  He  was  supported  in  his  views 
by  no  less  an  authorit}'  than  BulTon.  The  work  of  Needham,  howe%'cr, 
showed  a  number  of  experimental  inaccuracies  which  were  thoroughly 
sifted  by  the  Abbe  SpaUanazani.  This  investigator  repeated  the  ex- 
periments of  Neeilham,  employing,  however,  greater  care  in  sealing  his 
flasks,  and  subjecting  them  to  a  more  thorough  exposure  to  heat. 
His  results  did  not  supjjort  the  views  of  Needham,  but  were  answered 
by  the  Iatt«r  with  the  argument  that  by  excessive  heating  he  had  pro- 
duced chemical  changes  in  his  solutions  which  had  made  spontaneous 
generation  impossible. 

The  experiments  of  Schulze,  in  1S36,  who  failed  to  find  living  organ- 
isms in  infusions  which  had  been  boiled,  and  to  which  air  had  been 
admitted  only  after  passage  through  strongly  acid  solutions,  and  similar 
re.sults  obtained  by  Schwann,  who  had  passed  the  air  through  highly 
heated  tubes,  were  open  to  criticism  by  their  opponents,  who  claiiued 
that  chemical  alteration  of  the  air  subjected  to  such  drastic  influences, 
had  Ix'cn  responsible  for  the  absence  of  bacteria  in  the  infusion,  Similar 
experini;  nts  by  Schroi'der  and  Dusch,  who  had  stoppered  their  f)a.sks 
with  cotton  plugs,  were  not  open  to  this  objection,  but  had  also  failed  to 
convince.    The  question  was  not  definitely  settled  until  the  years  im- 

'  Valleri-Radot,  in  his  life  of  Pasteur,  stated  that  Van  rielmont,  in  the  six- 
teenth century,  ha*]  given  a  celebrated  prescription  for  the  creation  of  mice 
from  dirty  linen  and  a  few  grains  of  wheat  or  pieces  of  cheese.  During  the  centu- 
ries following,  although,  of  course,  such  remiirkable  and  amusing  beliefs  no  longer 
held  sway,  nevertheless  the  <jue8tion  of  spontaneous  generation  of  minute  iind 
structureless  bodies,  like  the  bacteria,  still  found  learned  and  thoughtful  partisans. 


^_  mediately  following  1S60,  when  Pasteur  conducted  a  series  of  experi- 
^H  ments  which  were  not  only  important  in  incontrovertibly  rcfutlug  the 
^H  doctrine  of  spontaneous  generation,  but  in  establishing  the  principles 
^™  of  scientific  investigation  which  have  influenced  bacteriological  re- 
search since  his  time' 

Pasteur  attacked  the  problem  from  two  points  of  view.  In  the 
first  place  he  demonstrated  that  when  air  was  filtered  through  cotton- 
wool, innumerable  microorganisms  were  deposited  upon  the  filter.  A 
single  shred  of  such  a  contaminated  filter  dropped  into  a  Ojisk  of  pre- 
viouslj'  sterilized  nutritive  fluid,  sufficed  to  bring  about  a  rapid  and 
luxuriant  growth  of  microorganisms.  In  the  second  place,  he  succeeded 
m  showing  that  similar,  sterilized  "putrescible"  liquids,  if  left  in  con- 
tact with  air,  would  remain  uncontaminatcd  provided  that  the  en- 
trance of  dust  particles  were  prohibited.  This  he  succeeded  in  tloing  by 
devising  flasks,  the  necks  of  which  had  been  drawn  out  into  fine  tubes 
bent  in  the  form  of  a  U.  The  ends  of  these  U-tubes,  being  left  open, 
permitted  the  sedimentation  of  dust  from  the  air  as  far  as  the  lowest 
angle  of  the  tube,  but,  in  the  absence  of  an  air  current,  no  dust  was 
carried  up  the  second  arm  into  the  liquid.  In  such  flasks,  he  showed 
that  no  contamination  took  place  but  could  he  immediately  induced 
by  slanting  the  entire  apparatus  until  the  liquid  was  allowed  to  run 
into  the  bent  arm  of  the  U-tube.  Finally,  by  exposing  a  series  of 
flasks  containing  sterile  yeast  infusion,  at  different  atmospheric  levels, 
in  places  in  which  the  air  was  subject  to  varying  degrees  of  dust  con- 
tamination, he  showed  an  inverse  relationship  between  the  purity  of 
the  air  and  the  contamination  of  his  fla.sks  with  microorganisms. 

The  doctrine  of  spontaneous  generation  had  thus  received  its  final 
refutation,  except  in  one  particular.  It  was  not  yet  clear  why  com- 
plete steriUty  was  not  always  obtained  by  the  application  of  definite 
degrees  of  heat.  This  final  link  in  the  chain  of  evidence  was  supplied, 
some  ten  years  later,  by  Cohn,  who,  in  1S71,  was  the  first  to  observe  and 
con'ectly  interpret  bacterial  spores  and  to  demonstrate  their  high  powera 
of  resistance  against  heat  and  other  deleterious  influences. 

'  In  a  letter  to  his  foremost  opponent,  at  this  period,  Pasteur  writes:  "In 
experimental  sdenoe,  it  is  always  a  mistake  not  to  doubt  when  facts  do  not  compel 
affirmation." 

The  critical  spirit  perva<ling  the  scientific  thought  of  that  time  in  France  is 
also  well  expressetl  by  Oliver  Wendell  Holmes,  who  said  that  he  liad  learned  three 
thingis  in  Paris:  "Not  to  take  authority  when  I  can  have  facts,  not  to  guess  when 
I  can  know,  and  not  to  think  that  a  man  must  take  physic  because  he  is  sick." 
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relapsing  fever.  It  is  not  surprising  that  the  successes  attained  in  these 
diseases,  fostering  hope  of  iinalogous  results  in  all  other  similar  condi- 
tions, but  without  the  aid  of  adociuatc  experimental  methods,  should 
have  led  to  many  unjustified  claims  and  to  much  fantastic  theorizing. 
Thus  Hallier,  at  about  this  time,  advanced  a  theory  as  to  the  etiology 
of  infectious  diseases,  in  which  he  attributed  al'  such  conditions  to  the 
moulds  or  hyphomycetes,  regarding  the  smaller  form  or  bacteria  as 
developmental  stages  of  these  more  comj>licated  fonns.  Extravagjuit 
conjectures  of  this  kind,  however,  did  not  maintain  thenwelves  for  any 
length  of  time  in  (he  light  of  the  critical  attitude  wiiich  was  already 
pervading  bacteriological  research. 

Progress  was  made  during  the  years  immediatelj-  following,  chiefly 
in  the  elucidation  of  suppurative  proccssc>8.  Uindfleiseh,  von  Hcckling- 
hauaen,  and  Waldeycr,  almost  simultaneously,  described  bodies  which 
they  observed  in  sections  of  tissue  containing  abscesses,  antl  which  they 
believed  to  l>e  microorganisms.  Notable  support,  was  given  to  their 
opinion  by  similar  obH<'iTatians  made  upon  pus  by  Klebs,  in  1870.  In 
view,  however,  of  the  purely  morphological  nature  of  their  studies,  the 
opinions  of  these  observei's  did  not  entirely  prevail.  Satisfactory 
methods  of  cultivation  anil  isolation  had  not  yet  been  developed,  and 
Billroth  and  his  foliowens,  with  a  con.servatism  entirely  justified  under 
existing  conditions,  while  admitting  the  constant  presence  of  liacteria 
in  purulent  lesions,  denied  their  etiological  significance.  The  contro- 
versy that  followed  was  rich  in  suggestions  which  greatly  fa<'ilitated 
the  work  of  later  inve.stigatoi-^,  but  cuuld  not  he  definiteh'  settled  until 
1880,  when  Koch  introduced  the  technical  metlKids  which  have  made 
bacteriology  an  exact  science.  By  the  use  of  solid  nutritive  meilia,  the 
i.solation  of  bacteria  and  their  biological  study  in  pure  culture  were  made 
possible.  At  about  the  same  time  the  use  of  aiulin  d\es,  develojXfd 
by  Weigert,  Koch,  and  Ehrlich,  was  introduced  'jito  morphological  study 
and  facilitated  the  obsen-ation  of  the  finer  structural  details  which  had 
been  unnoticed  while  only  the  grosser  methods  employeil  for  tissue 
staining  had  been  available. 

With  the  publication  of  Koch's  work,  there  began  an  era  unusually 
rich  in  results  held  in  leash  heretofore  by  inadequate  technical  methods. 
The  discovery  of  the  typhoid  bacillus  in  l.SKO,  of  the  bacillus  of  fowl 
cholera  and  the  pneumococcus  in  the  same  year,  and  of  the  tubercle 
bacillus  in  1882,  uiitiated  a  scries  of  etiological  discoveries  which,  ex- 
tending over  not  more  than  fifteen  years,  elucidated  the  causation 
of  a  majority  of  the  infectious  diseases. 
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Coincident  with  the  elucidation  of  etiological  facts  began  the  inquiry 
into  that  field  which  is  now  spoken  of  as  the  science  of  immunity.  The 
phenomena  which  accompany  the  development  of  insusceptibility 
to  bacterial  infections  in  man  and  in  animals,  first  studied  by  Pasteur, 
have  become  the  subject  of  innumerable  researches  and  have  led  to 
resxilts  of  the  utmost  practical  value. 

The  problems  which  were  encountered  were  firei  studied  from  a 
purely  bacteriological  point  of  view,  but  their  solution  has  shed  light 
upon  biological  principles  of  the  broadest  application.  Investigations 
into  the  properties  of  immune  sera,  while  making  bacteriology  one  of 
the  most  important  branches  of  diagnostic  and  therapeutic  medicine, 
have,  at  the  same  time,  inseparably  linked  it  with  physiology  and 
experimental  pathology. 

By  the  revelations  of  etiological  research,  and  by  the  study  of  the 
biological  properties  of  pathogenic  bacteria,  contagion,  an  enemy  hitherto 
vmseen  and  mysterious,  was  unmasked,  arid  rational  campaigns  of  public 
sanitation  and  personal  hygiene  were  made  possible.  Upon  the  sanie 
elucidations  has  depended  the  development  of  modem  surgery — a 
science  which  without  asepsis  and  antisepsis  would  have  been  doomed 
to  remain  in  its  medieval  condition. 

Apart  from  its  importance  in  the  purely  medical  sciences,  the  study 
of  the  bacteria  has  shed  beneficial  light,  moreover,  upon  many  other 
fields  of  human  activity.  In  their  relationship  to  decomposition,  the 
conditions  of  the  soil,  and  to  diseases  of  plants,  the  bacteria  have  been 
found  to  occupy  a  position  of  great  importance  in  agriculture.  Knowl- 
edge of  bacterial  and  yeast  ferments,  furthermore,  has  become  the  scien- 
tific basis  of  many  industries,  chiefly  those  concerned  in  the  production 
of  wine,  beer,  and  dairy  products. 

The  scope  of  bacteriology  is  thus  a  wide  one,  and  none  of  its  various 
fields  has,  as  yet,  been  fully  explored.  The  future  of  the  science  is  rich 
in  allurement  of  interest,  in  promise  of  result,  and  in  possible  benefit 
to  mankind. 


CHAPTER  11 

GENERAL   MORPHOLOGY,    REPRODUCTION,    AND  CHEMICAL 
AND  PHYSICAL  PROPERTIE.S  OF   THE  BACTERIA 

Bacteria  arc  exceedingly  niimite  unic-ellular  orgiinisms  which  maj 
occur  perfectly  free  and  singular,  or  in  larger  or  smaller  aggregations, 
thus  forming  multicellular  groups  or  colonies,  the  individuals  of  which 
arc,  however,  physiologically  indep<'ndent. 

The  cells  themselves  have  a  number  of  basic  or  ground  ahapes  which 
may  l>c  roughly  considered  in  three  main  classes:  The  cocci  or  spheres, 
the  bacilli  or  straight  rods,  and  the  spirilla  or  curved  rod  fomis. 

The  cocci  are,  when  fidly  developed  and  free,  perfectly  spherical. 
When  two  or  more  are  in  apposition,  they  may  be  slightly  flattened  along 
the  tangential  surfaces,  gi^'ing  an  oval  appearance. 

The  bacilli,  or  rod-shaped  forms,  consist  of  elongated  cells  whose 
long  diameter  uuiy  be  from  two  to  tea  times  as  great  as  their  width, 
with  ends  squarely  cut  off,  as  in  the  ca«e  of  bacillus  anthracis,  or  gently 
rounded  as  in  the  case  of  the  typhoid  bacillus. 

Tlie  spirilla  may  vary  from  small  comma-shaped  microorganisms, 
containing  hut  a  single  curve,  to  longer  or  more  sinuous  forms  which 
maj'  roughly  be  compared  to  a  corkserew,  being  made  up  of  five,  six, 
or  more  curves.  The  turns  in  the  typical  microorganisms  of  tliLs  class  are 
always  in  three  planes  and  are  spiral  rather  than  siniph'  curved. 

Among  the  known  microorganisms,  the  bacilli  by  far  outnumber 
other  forms,  and  arc  proljably  the  most  conmion  varietj'  of  bacteria  in 
existence.  Many  variations  from  these  fundamental  types  may  occur 
even  under  normal  conditions,  Ijut  contrary  to  earlier  opinions  it  is 
now  positively  known  that  cocci  regularly  reproduce  cocci,  bacilli 
bacilli,  and  spirilla  spirilla,  there  being,  as  far  as  we  know,  no  mutation 
from  one  form  into  another. 

The  size  of  bacteria  is  subject  to  considerable  variation.  Cocci  may 
vary  from  .15  /i  to  2.  /«  in  diameter.  The  average  size  of  the  ordinarj' 
pus  coccus  varies  from  .S  /(  to  1.2  /(  in  diameter.  Fischer  has  given  a 
graphic  illustration  of  the  size  of  a  staphylococcus  by  calculating  that 
one  billion  micrococci  eo«dd  easily  be  contained  in  a  drop  of  wat^er  hav- 
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ing  a  voliune  of  one  cubic  millimeter.  Among  the  bacilli  the  range  of 
size  is  subject  to  even  greater  variations.  Probably  the  smallest  of  the 
common  bacilli  is  the  bacillus  of  influenza  which  measures  about  .5  /tin 
length  by  .2  /( in  thickness.  The  limit  of  the  optical  possibilities  of  the 
modem  microscope  is  almost  reached  by  some  of  the  known  micro- 
organisms, and  it  is  not  at  all  out  of  question  that  Bome  of  the  diseases, 
for  which,  up  to  the  present  time,  no  specific  microorganisms  have 

<8>« 
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Via.  1. — Types  op  Bacterial  Morpholoot. 


been  found,  may  be  caused  by  bacteria  so  small  as  to  be  invisible  by  any 
of  our  present  methods.  In  fact,  the  virus  causing  the  peripneumonia  of 
cattle  has  been  shown  to  pass  through  the  pores  of  a  Berkefeld  filter, 
which  are  impenetrable  to  the  smallest  of  the  known  bacteria.* 

MORFHOLOGT  OF  THE  BACTERIAL  CELL 

When  unstained,  most  bacteria  are  transparent,  colorless,  and  ap- 
parently homogeneous  bodies  with  a  low  refractive  index.  The  cells 
themselves  consist  of  a  mass  of  protoplasm,  surrounded,  in  most  in- 
stances, by  a  delicate  cell  membrane. 

The  presence  of  a  nxtcleus^  in  bacterial  cells,  though  denied  by  the 
earlier  writers,  has  been  demonstrated  beyond  question  by  Zettnow, 
Nakanishi,'  and  others.  The  original  opinion  of  Zettnow  was  that  the 
entire  bacterial  body  consisted  of  nuclear  material  intimately  inter- 
mingled with  the  cytoplasm.    The  opinion  now  held  by  most  observers 


'  Nocard  and  Roux,  Ann.  Past.,  12,  1898. 

»  A.  Fischer,  Jahrbticher  f.  wissen.  Botanik,  xxriL 

•  NakanxM,  Manch.  med.  Woch.,  vi,  1900. 


. 


M0RPHUL(X3Y,    Rlii'HODircTlON,    KTC. 

who  have  Btudifd  this  phiisp  of  the  subject  fMVors  the  fxistfncc  tif  an 
ectoplasmic  zone  wiiich  inclucics  cell  membrane  and  flageila,  but  is 
definitely  a  part  of  the  cytoplasm,  and  an  entoplasm  in  which  is  con- 
centrated the  nuclear  material.  Biitschli'  claiuiH  to  have  demonstrated 
within  this  entoplasmic  substance  a  reticular  meshwork,  Ijetwcen  the 
spaces  of  which  lie  granules  of  chromophilic  or  nuclear  material. 
Confirmation  of  this  opiniuti  has  been  Itrovight  by  Zettnow-  and  others. 
Nakanishi,  working  with  a  special  staining  method,  asserts  that  some 
microorganisms  show  witiiin  the  entoplasmic  zone  a  well-defined, 
minute,  round  or  oval  nucleus,  which  possesses  a  definitely  charac- 
teristic staining  reaction.' 

In  the  bodies  of  a  large  number  of  bacteria,  notably  in  those  of  the 
diphtheria  group,  Ernst,*  Balies,'"  and  others  have  demonstrated 
granular,  deeply  staining  bodies  now  spoken  of  as  mclachromalic  granules, 
or  Babes-Emsl  granules,  or,  because  of  their  frequent  position  at  the  ends 
of  bacilli,  as  polar  bodie.-^.  These  stnictures  are  irregular  in  size  and 
number,  and  have  a  strong  affinity  for  dyes.  They  are  stained  dis- 
tinctly dark  in  contrast  to  the  rest  of  the  bacterial  cell  with  methylene 
blue,  and  may  be  demonstrated  by  the  special  methods  of  Nei.s.ser  and 
of  Roux.*  Their  interpretation  has  been  a  matter  of  much  ilifficulty 
and  of  varied  opinion.  Those  who  first  observed  them  held  that  they 
were  a  part  of  the  nuclear  material  of  the  cell.  Others  have  regarded 
them  as  an  early  stage  in  spore  formation,  or  as  arthrospores.'  Again, 
they  have  been  interpreted  as  structures  comparable  to  the  centrosomes 
of  other  unicellular  forms.  As  a  matter  of  fact,  the  true  nature  of  these 
bodies  is  by  no  means  certain.  Thoy  are  present  most  regularly  in 
microorganisms  taken  from  young  and  vigorous  cultures  or  in  those 
taken  directly  from  the  lesions  of  disease.    It  is  unlikely  that  they  repre- 


'  BuUcMi, "  BaudcrBakt^rien,"  Leipzig,  1890.    'ZeUnow,  Zeit.  f.  Hyg.,  xxiv,  1897. 

•The  method  of  Nakanishi  is  carried  out  as  followu:  Thnrouglily  cleansed 
slides  are  covered  with  a  saturated  aijueoris  solution  of  methylene  blue.  This  is 
spread  over  the  sliilc  in  an  even  (ilru  and  allowetl  lo  ilr>'.  After  drying,  the  slide 
should  be  of  a  transparent,  sky-l)tue  color,  'riie  niicroorijanisins  to  be  examine<l  are 
then  emulsified  in  warm  water,  or  are  taken  from  the  tluiil  media,  ami  dropped  uptm 
a  cover  slip.  This  is  place<l,  face  downward,  upon  the  blue  ground  of  the  sliile.  In 
this  way.  bacteria  are  stained  without  fixation.  Nakanislii  claims  that  by  this 
method  the  entoplasm  is  stained  blue,  while  the  nuclear  material  appears  of  a  reddish 
or  purplish  hue. 

•  Ernst,  Zeit.  f.  Hyg.,  iv,  1888.  •  Babe*,  Zeit.  f.  Hyg.,  v.  1889. 

*  See  section  on  stains,  p.  107.  '  Sec  section  on  sponilation,  p.  10. 
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sent  structures  in  any  way  comparable  to  spores,  since  cultures  con- 
taining individuals  showing  metachromatic  granules  are  not  more 
resistant  to  deleterious  influences  than  are  others.  Their  abundant 
presence  in  young  vigorous  cultures  may  indicate  a  relationship  between 
them  and  the  growth  energy  of  the  microorganisms.  There  is  no  proof, 
however,  that  these  bodies  affect  the  virulence  of  the  bacteria. 

Cell  Membrane  and  Capsule. — Actual  proof  of  the  existence  of  a  cell 
membrane  has  been  brought  in  the  ca.ses  of  some  of  the  larger  forms 
only,'  but  the  presence  of  such  envelopes  may  be  inferred  for  most 

bacteria  by  their  behavior  during 
plasmolysis,  where  definite  retrac- 
tion of  the  protoplasm  from  a 
well-defined  cell  outline  has  been 
repeatedly  observed.  The  occur- 
rence, furthermore,  of  so-called 
"shadow  forms"  which  appear  as 
empty  capsules,  and  of,  occasion- 
ally, a  well-outlined  cell  body, 
after  the  vegetative  form  has  en- 
tirely degenerated  in  the  course 
of  spurulation,  make  the  assmnp- 
tion  of  the  presence  of  a  cell 
membrane  appear  extremely  well 
founded.  Differing  from  the  cell 
membranes  of  plant  cells,  cellulose 
has  not,  except  in  isolated  instances,  been  demonstrable  for  bacteria, 
and  the  membrane  is  possibly  to  \x  regarded  rather  as  a  peripheral 
protopla-smic  zone,  which  remains  unstained  by  the  usual  manipula- 
tions. Zettnow,^  who  has  carefully  studied  the  structure  of  some  of 
the  larger  forms,  takes  the  latter  view,  and  regards  the  "  ectoplasmic " 
zone  as  a  part  of  the  cell  protoijla-'sm  tlevoid  of  nuclear  material.  Zett- 
now's  opinion  is  borne  out  bj-  the  greatly  increased  size  of  the  bacterial 
cells  as  seen  by  means  of  special  stains. 

Many  bact-eria  have  been  shown  to  possess  a  mucoid  or  gelatinous 
envelojje  or  mpsuie.  According  to  Migula,'  such  an  envelope  is  present 
on  all  bacteria,  though  it  is  in  only  a  few  sperici!  that  it  is  sufficiently 
well  developed  and  stable  to  be  easily  demonstrable  and  of  differential 


Fig.  2. — BACTEiuAi.CAF8ui.Ba. 


■  BvAtcUi,  loc.  cit.  '  '  Zetlnow,  loo.  cit 

•  MiguUi,  "SyBt«me  d.  Bakterien,"  1,  p.  56. 
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value.  When  stained,  the  caijsule  takes  the  ordinary  anilin  dyes  less 
deeply  than  does  the  bacterial  cell  body,  and  varies  greatly  in  thickness, 
ranging  from  a  thin,  just  visible  margin  to  dimensions  four  or  five 
times  exceeding  the  actual  size  of  the  bacterial  liody  itself.  This  struc- 
ture is  perfectly  developed  in  a  limited  number  of  bacteria  only  in  which 
it  then  becomes  an  important  aid  to  identification.  Most  prominent 
among  such  bacteria  are  Diplococcus  pneumoniip,  Micrococcus  tetra- 
genus,  the  bacilU  of  the  Friedlander  group,  and  B.  aerogenes  capsulatus. 
The  development  of  the  c-apsule  seems  to  depend  intimately  upon  the 
environment  from  which  the  bacteria  are  taken.  It  is  most  easily  de- 
monstrable in  jjreparations  of  bacteria  taken  directly  from  animal  tis- 
sues and  fluids,  or  from  media  containing  animal  serum  or  milk.  If 
cultivate<l  for  a  prolonged  period  upon  artificial  media,  many  otherwise 
eapsulated  microorganisms  no  longer  show  this  characteristic  structure. 

Capsules  may  be  demonstrated  on  bacteria  taken  from  artificial 
media  most  successfully  when  albuminous  substances,  such  as  ascitic 
fluid  or  blood  serum,  are  present  in  the  culture  media,  or  when  the 
bacteria  are  smeared  upon  cover  slip  or  slide  in  a  drop  of  beef  or  other 
serum.'  Most' observers  beUeve  that  the  capsule  represents  a  swelling 
of  the  ectoplasmic  zone  of  bacteria.  By  others  it  is  regarded  as  an 
evidence  of  the  formation  of  a  mucoid  intercellular  substance,  some  of 
which  remains  adherent  to  the  individual  bacteria  when  removed  from 
cultures.  It  is  noticeable,  indeed,  that  some  of  the  eapsulated  bacteria, 
especially  Streptococcus  mucosas  and  B.  raucosus  capsulatus,  dev<'lop 
such  slimy  and  gelatinous  colonies  that,  when  these  are  touched  witii  a 
platinum  wire,  mucoid  threads  and  strings  adhere  to  the  loop.  Exactly 
what  the  significance  of  the  capsules  i.s  cannot  yet  be  decideti. 

There  is,  however,  definite  retison  to  lu'lieve  that  there  is  a  direct 
relation  between  virulence  and  capsulation;  eapsulated  bacteria  are 
less  easily  taken  up  by  phagocytes  tluin  are  the  non-capsulated  mem- 
bers of  the  same  species.  Also,  as  Porges  and  others  have  shown, 
eapsulated  organisms  are  not  easily  amenable  to  the  agglutinating  action 
of  inunune  sera.  Many  bacteria  (plague,  anthra.x)  which  are  habitu- 
ally uncapsulated  on  artificial  media  acquire  capsules  within  the  in- 
fected animal  body.  Also  in  some  species  (pneumococci),  the  loss 
of  capsule  formation  as  cultivated  on  the  simpler  media  is  accompanied 
by  a  diminution  of  virulence. 

Orguxt  of  Locomotion. — When  suspended  in  a  drop  of  fluiil  many 
bacteria  are  seen  to  be  actively  motile.     It  is  important,  however,  in 

>  Hist,  Jour.  Exp.  Med.,  vi,  1905. 
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all  cases  to  distinguish  between  artua!  ni(jtility  and  the  so-fallcd  Brown 
ian  or  molecular  movement  wliich  takes  place  whenever  small  particle.' 
arc  held  in  suspension  in  a  fluid. 

Brownian  or  molecular  movement  is  a  phenomenon  cntiivly  ex- 
plained by  the  physical  principles  of  surface  tension,  and  has  absolutely 
no  relation  to  infiejH'ndent  motility.  It  may  be  seen  when  particles  of 
carmine  or  any  other  insoluble  substance  are  suspended  in  water,  and 
consists  in  a  rapid  to  and  fro  vacillation  during;  which  there  is  actually 
no  permanent  change  in  position  of  the  moving  particle  except  inas- 
much as  this  is  influenced  by  currents  in  the  drop. 

The  true  motility  of  bacteria,  on  the  other  hand,  is  active  motion 
due  to  impulses  originating  in  the  bacteria  themselves,  where  the  actual 
position  of  the  bacterium  in  the  field  is  peniianenlly  changed. 

The  ability  to  move  in  this  way  is,  so  far  as  we  know,  limited  almost 
entirely  to  the  bacilli  and  spirilla,  there  being  but  few  instances  where 
memlxTs  of  the  coccus  group  show  active  motility.  In  all  cases,  with 
the  exception  of  some  of  the  spirochetes,  where  motiUty  may  occasionally 
be  due  to  an  undulating  mendjrane  marginally  placed  along  the  body, 
bacterial  motility  is  due  to  hair-like  organs  known  as  flngellu.  These 
flagella  have  rarely  been  seen  tluruig  life,  anil  their  recognition  and  study 
has  been  made  possible  only  by  special  staining  methods,  such  as  those 
devised  by  Ijoeffler,  van  Ermengcm,  Pitt,  and  others. 

In  such  stained  preparations,  the  bacterial  cell  bodies  often  appear 
thicker  than  when  ortlinary  dyes  are  used,  and  the  flagella  appaifntly 
are  seen  to  ari«"  from  the  thickened  ectoplasmic  zone. 

The  flagella  are  long  fdiirnent.-?,  averaging  in  thicknes-s  from  one-tenth 
to  one-thirtieth  that  of  the  bacterial  body,  which  often  arc  delicately 
waved  and  undulating,  and,  jutlging  from  the  positions  in  which  they 
become  fixed  in  preparations,  move  by  a  wavy  or  screw-like  motion. 
In  length  they  are  subject  to  much  variation,  but  arc  supposed  to  be 
generally  longer  in  old  than  in  young  cultures.  Veiy  short  flagella  have 
been  descrilied  only  on  nitro.somonas,  one  of  the  nitrifying  bacteria 
discoveri'd  by  Winogradsky.' 

As  to  the  finer  stmctures  of  flagella,  little  can  be  made  out  except 
that  they  po.ssess  a  higher  refractive  index  than  the  cell  body  itself, 
and  that  they  can  be  stained  only  with  tho.sc  dyes  which  bring 
clearlj'  into  view  the  supposeilly  true  cytoplasm  of  the  cell. 
Whether  they  penetrate  this  cytoplasmic  membrane  or  whether  they 


>  WxTwgradtky,  Arch,  dcs  sci.  Ix'ologiques,  St.  Petersburg,  IS92, 1,  1  and  2. 
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a  direct    continuation  of    this  peripheral   zone   of  the   bacterial 
sdy,  can  not  be  decided. 

The  manner  in  which  bacteria  move  is  naturally  subject  to  some  var- 
ition  dcpendiiif;;  upon  the  nuniher  and  po.sition  of  tb.e  flaf;eila  possessed 
them.     Whether  bacteria  exercise  or  not  the  power  of  niatility  de- 
ends  to  a  large  extent  upon  their  present  or  previous  envu-onment. 
They  are  usually  most  motile  in  vi-iorous  young  cultures  of  from  twenty- 
four  t«  forty-eight  hoiu's'  growth  in  favorablt!  nieilia.    In  old  cultures 
motility  may  he  diminished  or  even  inhibited  by  acid  formation  or  by 
other  deleterious  prfiducts  of  the  bacterial  metabolism. 

At  the  optimum  growth-temperature  motility  is  most  active,  and  a 
diminution  or  increa.se  of  the  tt'uijwraturc 

»to    any  considerable    degn-c   diininishes   or 
mhibits  it.    Thus  actively  motile  organisms, 
in  the  fluid  drop,  may  be  seen  to  diminish 
iistinctiy  in  activity  when   left    for    any 
jrolonged    time  in  a  colil  rr)om,  or  when 
fie  preparation  is  chilled.    Any  influence, 
other  words,  chemical  or  jihysical,  which 
ends  to  injure  or  depress  [jhysiologically  the  bacteria  in  any  way,  at 
be  same  time  tends  to  inhibit  their  motility. 
Messea'  has  proposetl  a  cla.ssificatitm  of  bacteria  whicli  is  based 

I  upon  the  arrangement  of  their  organs  of  motility,  as  follows: 
I        I.  Ciymnobacteria,  possessing  no  fhigella. 
II.  Tricholjactcria,  with  flagetia. 


Fig.    3. — .\RRANaEMENT  OF 

Hactehial  Flaqella. 


1. 

2. 
3. 
4. 


Monotricha,  having  a  single  flagellum  at  one  pole. 
Lophotricha,  having  a  tuft  of  llageila  at  one  pole. 
Amphitricha,  with  flagella  at  both  poles. 
Peritricha,   with    Hagella   completely   surrounding   the    bac- 
terial body. 
Bscterial  Spores. — A  large  number  of  bacteria  possesses  the  power  of 
developing  into  a  sort  of  encysted  or  resting  .stage  by  a  process  commonly 
spoken  of  as  sporulation  or  spore  fomiation.    The  formation  of  spores 
by  bacteria  depends  largely  upon  environmental  conditions,  and  the 
optimum  environment  for  spore  formation  differs  greatly  for  various 
species.     It  is  usually  necessary  that  a  temperature  of  over  20°  C. 
exist  in  order  that  .sjjores  may  be  fonned.     Unfavorable  factors,  like 
cid  formation,  accumulation  of  bacterial  products  in  old  cultures,  or 

i  Jkfenea,  Cent  f.  Bakt.,  I,  Ref.  ix,  1891. 
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lack  of  nutrition,  frequently  seem  to  constitute  the  stimuli  which  lead 
to  spoi-ulation.  In  the  case  of  some  species,  notably  the  anthrax  bacillus, 
spores  are  fniTnctl  only  in  the  presence  of  free  oxygon  and  aiv  therefore 
never  fonned  within  tlxe  tissues  'of  infect^'d  animals.  It  is  claimed  that 
some  of  the  pathogenic  anaerobes,  like  B.  tetani  and  the  bacillus  of 
malignant  edema,  may  fonn  spores  anaerobically.  Nevertheless  it  has 
been  observed  that  when  an  absolute  exclusion  of  oxygen  is  practiced 
in  the  cultivation  of  these  bacteria,  vegetative  forma  only  are  seen  in 
the  cultures.' 

The  process  of  sporulation  is  by  no  means  to  be  regarded  as 
a  method  of  multiplication,  since  it  rarely  occurs  that  a  single  bacil- 
lus produces  more  than  one  spore.  In  some  species  of  baet<»ria  the 
formation  of  several  spores  in  one  individual  has  occasionaily  been 
observed,  but  there  can  be  no  question  about  the  fact  that  such  a 
condition  is  exeeptionid. 

Varieties  of  spores  are  often  recognized,  tlie  so-called  arthrospores 
and  the  true  spores  or  endosporcs.  It  is  seriously  in  doubt  whether  the 
structures  once  spoken  of  as  arthrosjores  should  Ix'  considered  as  in  any 
way  comparable  to  true  spores.  They  are  representeil  b^'  the  graiudar 
and  globular  appearances  occasionally  observed  in  old  cultures  of  some 
bacteria,  notably  streptococcus,  cholera  spirillum,  diphtheria  bacillus, 
and  otliers.  It  was  believed  that  tliey  were  due  to  a  traiLsfonnatiun  of 
certain  individuals  of  the  cultures  into  more  resistant  fonns.  It  ia 
probable,  however,  that  such  structures  are  merely  to  be  regarded  as 
evidences  of  involution  or  degeneration,  since  it  has  never  been  ilenion- 
strated  that  cultures  containing  them  arc  more  resistant  either  to  tlis- 
infectants  or  to  heat,  than  cultures  showing  no  evidences  of  such  furms. 
The  true  spores  or  endospores  are  most  ronmion  among  bacilli,  and 
are  rarely  obser\'ed  among  the  spherical  bacteria.  They  ari.se  within 
the  body  of  the  individual  Ijacteriuni  as  a  small  granule  which  probably 
repre.sents  a  concentration  of  the  protoplasmic  substance.  Nakanishi' 
claims  that  there  Is  a  definite  relation  between  these  sporogcnic  globules 
and  the  nuclear  material  of  the  l>acterial  cell.  .\t  the  time  at  which 
s])orulation  occurs  there  is  usually  a  slight  antl  gradual  thickening  of  the 
baeillarv  body,  .\fter  the  formation  of  this  thickening,  a  spore  mem- 
brane apjK>ai>i  about  the  same  thickenetl  area.  The  comiileted  spore  is 
usually  round  or  oval,  has  an  extremely  high  refractive  index,  and  a 

'  Zinsser.  Jour.  Exp.  Med.,  viii,  IQOfi.  p.  542. 
'Nakaniahi,  Munch,  med.  Woch.,  1900,  p.  680. 
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Fig.  4. — Various  Positions  or  Spores 
IN  Bacterial  Cell. 


a  I    e    i    *     f     S 
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tnpmbranc  which  is  vorj-  rcsiKtant.    Miihlsphlcgol '  hohcvrs  that  thf  spore 
juembniiK;  is  \x  double  structure,  and,  as  stated  before,  N'ukiimshi  believes 
at  the  spore  eontains  nuclear  material. 
The  position  of  the  s])or(>  in  the  mother  cell  is  of  some  differential 
importance  in  that  it  is  usually  con- 
stant for  one  and  the  same  species. 
Thus,   the  .spores  of    the   tetanus 
bacillus  are    regularly  situated  at 
the  extreme  ends  of  the  hacillarj' 
bodies,  while  those  of  anthrax  are 
^situated  at  or  near  the  middle. 

I      Physiologically,  spondation  is  prol>ably  to  be  regarded  as  a  method 

of  encystment  for  the  purpose  of  resisting  unfavorable  environtnent, 

,  jH  and  it    is    indeed    true    that   species 

of  bacteria  the  vegetative  forms  of 
which  ari'  rather  easily  injured  by 
heat,  light,  drying,  and  chemicals 
have  a  comparatively  enormous  i-e- 
sistanc<'  to  these  agents  after  the 
fonmitiou  of  spoiTS.  Thus,  while  a 
lO-per-ccnt  solution  of  carbolic  acid 
will  kill  the  vegetHtive  foiTiis  of 
anthrax  bacilli  within  twenty  min- 
utes, anthrax  spores  are  able  to  resist 
the  same  disinfectant  foi'  a  long 
period  in  a  concentration  of  over  30 
per  cent;  and  while  the  vegetative 
fonns  of  the  same  bacillus  show  little 
more  resistance  against  moist  heat 
Fio.  6.-GER»nNATi0N  OF  Spores,  ^lian  other  vegetative  fonus,  the 
.4,  HacUlus  siibtilis,  e<iimt«rial  spore  spores  will  withstand  tin-  action  of 
gprniination;  /f ,  Bncilliis  anthracis,  live  steam  for  as  long  as  ten  to  twelve 
germination   by  simple  transition;  C,   minutes  and  more. 

IClostrj'diiim    butyricum,  polar  eermi-  ,,r,  .,  e 

-    ..    '  '  re  Whenever   the  spores  of  any  mi- 

n'lon.  .  . 

croorgaiusni  aix-  brought  into  an  en- 
vironment suitalile  for  bacterial  growth  as  to  temperature,  moisture, 
and  nutrition,  the  spores  develop  into  vegetative  forms.  This  process 
differs  according  to  species.    In  general  it  consists  of  an  elongation  of 


'  MuhUchleg^.  Cent.  f.  Bakt.,  IF  Abt.,  vl,  1000,  p.  65. 
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the  spore  body  with  a  loss  of  its  highly  refractile  character  and  resist- 
ance to  staining  fluids.  The  developing  v^etative  cell  may  now 
rupture  and  slip  out  of  the  spore  membrane  at  one  of  its  poles,  leav- 
ing the  empty  spore  capsule  still  visible  and  attached  to  the  bacillary 
body.  Again,  a  similar  process  may  take  place  equatorially  instead 
of  at  the  pole.  In  other  species  again,  there  may  be  no  rupture  of 
the  spore  membrane  at  all,  the  vegetative  form  arising  by  gradual 
elongation  of  the  spore  and  an  absorption  or  solution  of  the  mem- 
brane which  is  indicated  by  change  in  staining  reaction.  Division  by 
fission  in  the  ordinary  way  then  ensues. 

BEPBODTJCTION  OF  BACTEBIA 

Bacteria  multiply  by  cell  division  or  fission.  A  young  individual 
increases  in  size  up  to  the  limits  of  the  adult  form,  when,  by  simple 
cleavage,  at  right  angles  to  the  long  axis,  without  any  discoverable 
process  of  mitosis  or  nuclear  changes,  it  divides  into  two  individuals. 
In  spite  of  the  claims  of  various  bacteriologists,  notably  Nakanishi,' 
traceable  analogy  to  the  karyokinesis  of  other  cells  has  not  been 
definitely  established.  In  the  case  of  the  spherical  bacteria  a  slight 
change  to  the  elliptical  form  takes  place  just  before  cleavage  and 
this  cleavage  may  occur  in  one  plane  only,  in  two  planes,  or  in  three 
planes.  According  to  the  limitations  of  cleavage  direction,  the  cocci 
assume  a  chained  appearance  (streptococci),  a  grape-like  appearance 
(staphylococci),  or  an  arrangement  in  packets  or  cubes  having  three 
dimensions  (sarcinse).  In  the  cases  of  bacilli  and  spirilla,  cleavage 
takes  place  in  the  direction  of  the  short  axis.  The  individuals,  after 
cleavage,  may  separate  from  each  other,  or  may  remain  mutually 
coherent.  The  cohesion  after  cleavage  is  pronounced  in  some  species  of 
bacteria  and  slight  in  others,  and,  together  with  the  plane  of  cleavage, 
determines  the  morphology  of  the  cell-groups.  Thus  among  the  cocci 
diplo-  or  double  forms,  long  chains  and  short  chains  may  arise  and  fur- 
nish a  characteristic  of  great  aid  in  differentiation.  Similarly  among 
the  bacilli  there  are  forms  which  appear  characteristically  as  single 
individuals  and  others  which  form  chains  of  varying  length. 

The  rate  of  growth  varies  to  a  certain  extent  with  the  species,  and 
also  with  the  favorable  or  unfavorable  character  of  the  environment. 
A  generation,  that  is,  the  time  elapsing  in  the  interval  between  one 

•  NakanUhi,  Cent.  f.  Bakt.,  I,  xxx,  1901. 
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cleavage  and  the  next,  has  been  estimated  by  A.  Fischer"  as  being 
about  twenty  minutes  for  the  cholera  spirillum  and  1(5-20  minutes  for 
bacillus  coli  communis,  under  the  most  favorable  conditions.  The  same 
author  has  calculated  that  under  these  conditions  a  single  cholera 
Bflpirillum  would  yield  16O0  trillions  in  a  single  day.  Such  a  multiplica- 
^^ion  rate,  liowever,  Ls  probabl}'  not  usual  under  natural  or  even  artificial 
conditions,  both  on  account  of  lack  of  nutritive  material  and  because  of 
ihibition  of  the  growth  of  the  bacteria  by  their  own  products. 


f 


VARIATIONS   OF   BACTERIAL   FORMS 


Variations  from  the  basic  forms  considered  in  the  preceding  sec- 
tion may  occur,  but  arc  not  common  among  bacteria  under  normal 
inditions.    Thus  the  formation  of  club  shapes  by  a  thickening  of  the 


Fio.  6. — Degenkration  Forms  or  BAHLLua  Diphtheri*.    (After  Zettnow.) 

baoillary  body  at  one  or  both  ends  has  been  frequently  observed  among 
bacteria  of  the  diphtheria  group,  and  in  the  glanders  bacillus,  and  an 
irregular  beading  is  not  infrequently  observed  in  tubercle  bacilli  under 
normal  conditions.  Such  pictures  can  not,  in  the.se  csmcs,  be  regarded 
as  degeneration  or  involution  fonns,  since  they  are  visible  in  young, 
ctively  growing  cultures  under  ordinary  conditions.    It  is  a  well-known 

>  A.  Fitchfr.  '•  Vorleaungen  uber  Bakt.,"  Jena,  1903. 
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fact,  furthermore,  that  the  sizes  and  contours  of  bacteria  may  vary  tc 
some  extent  according  to  the  medium  on  which  they  are  grown.  This 
may,  to  a  rlegrep,  Ik-  due  to  osmotic  relations.  On  fluid  media,  for  in- 
stance, many  l)actcria  nuiy  appt^ar  larger  and  of  a  les.s  dense  i^on.sislency 
than  do  meml)ers  of  the  same  spt^ciea  cultivated  upon  soHd  media. 

Defeneration  Forms. — Wiien  baeteria  are  grown  under  conditions 
which  are  not  entirely  favurahle  fur  their  develojinient,  or  wlien  they 
arc  grown  for  a  prolonged  period  upon  artificial  culture  media  without ', 
transplantation,  there  may  occur  variations  which  often  depart  consider-  'i 
ably  from  tiie  ground  type,  known  as  tlegeneration  ur  involution  forms. 


^  .^   N 


^X 


Fio.  7. — DEOEifBRATioN  Foiuis  OF  Bacilu's  1'estis.     {.\fter  Zettnow.^ 


Thus,  in  the  case  of  the  diphtheria  bacillu.s,  old  cultures  may  contain 
long,  irregularly  headed  forms  with  broad  expansion.s  at  the  ends. 
In  the  ca.sc  of  B.  pe.stis  the  fact  that  large  numbers  of  oval,  vacuolated 
bodies  in  old  cultures  are  formed  regularly  has  become  of  dilTereiitial 
value.'  These  degeneration  forms  are  shown  most  characteristically 
when  the  bacteria  are  cultivated  on  agar  containing  3  to  5  per  cent  Na(  'I. 
Among  the  cocci,  marked  evidences  of  involution  are  often  seen  in 
cultures  of  the  meningococcu-s  in  the  form  of  large,  swollen  poorly- 
staining  spheres,  anil  in  the  case  of  the  pneumocoecus  in  the  so-called 
shadow  forms  which  have  the  appearance  of  empty  capsules.   There  are 


>  Hankin  and  Leuiaann,  CeDb  f.  Bakt.,  I,  xxii,  1897. 


iMURrilOLiXiV.    RBPHOUbtTION,    K'lU  21 

few  mioroorganisiiis  iiicU'id,  i:i  winch  proloiiffcd  cultiviition  on  artific-iul 
'■mediii  or  other  unfavortihlc  inlhiciu'cs  do  not  produce  variations  (mm 
the  ground  typo  which  may  often  make  tiic  cultures  morphologically 
unrecognizaliic.  In  Iho  caso  of  many  of  the  spirillii  (spirillum  Milleri, 
spirillum  Mctchnikovi,  etc.)  the  degeneration  fonns  may  appear  within 
80  short  a  time  as  two  or  three  days  after  transplantation. 

VoHEMIGAL  AND  PHYSICAL  PROPERTIES  OF  THE  BACTERIAL  CELL 

B       Chemical  Constituents. — The  quantitative  chemical  composition  of 
bact^L'ria  is  subject  to  wide  variations,  dependent  upon  the  nutritive 
—^materials  furnished  theni. 

y      Approximately  SO  to  85  per  cent  of  the  bacterial  body  is  water. 
The  remainder  consists  chiefly  of  proteicls  which  constitute  roughly  from 
,50  t-o  SO  jjer  cent  of  the    drj-  substances.     Remaining,   after  exti'ac- 
ion  of  these,  are  fats,  and  in  some  cas(^s  true  wax  (fatty  acid  combina- 
tions with  higher  alcohols),  traces  of  cellulose  (in  some  bacteria  only), 
md  the  ash  which  ni:iki*s  uj)  usually  about  1  to  2  per  cent  of   the  dry 
ibstanccs. 

The  extensive  researches  of  Cramer '  have  shown  how  widely  at  va- 

iancc  ciuantitative  analyses  may  bo  when  made  of  cultures  of  the  same 

cies  of  bacteria  grown  upon  different  media.     Thus  the  drj-  sub- 

tances  of  the  cholera  vibrio  were  found  to  be  made  up  of  65  per  cent 

jf  protcids  when  the  microorganisms  wem  grown  upon  nutrient   broth 

again.st  4.5  per  e*nt  when  the  same  bacteria  had  been  grown    u])on 

the  proteid-free  medium  of  I'schinsky.     Analyses  made  by  Kappes'  of 

B.  prodigiosus  and  by  Nencki"''  and  Seheffer  of  some  of  the  putrefactive 

bacteria,  may  8er\'e  to  illustrate  the  approximate  proportions  of  the 

substances  making  up  the  bacterial  body. 

B.  l>ulri>f«cllve 

[)ro<Ugio8U!<  llacterla 

"Wattr   85.45  per  cent.  83.42  per  cent. 

Proteitls    10.33   "      "  13.96   "       " 

Fata 0.7     "      "  1.        "       " 

Ash    1.75   "      "  0.78   "       " 

Residue 1.77   "      "  0.84   "      " 


'  Cranur,  Arch.  f.  Hyg.,  xii,  xiii,  xvi,  xxii,  xxviii. 

'  Kappes,  "  Analyse  dor  MB«npnkuhuren."  etc.    Diss.,  Leipzig,  1889. 

•  Nencki  und  Schrffer,  Jour,  f .  jirakt.  Chernie,  new  ser.  xlx,  1880. 
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Analyses  of  the  tubercle  bacillus  by  Ruppel,*  Hammerschlag,*  Weyl,* 
and  others,  have  yielded  the  following  approximate  results  (calculated 
from  results  of  above-mentioned  authors). 

Tubercle  bsciUus 

Water 85     to  86     per  cent. 

Proteids   8.5  to   9       "      " 

Fat  and  waxes 3. 5  to   4       "      " 

Ash  and  carbohydrates   1 .2  to    1.4  "      " 

The  proteids  which  are  contained  in  the  bacterial  dry  substances 
consist  partly  of  nucleoproteids,  globuUns,  and  proteids  differing  ma- 
terially from  those  ordinarily  met  with.  Ruppel,  in  an  analysis  of 
the  tubercle  bacillus,  obtained  the  following  values,  for  100  grams  of 
dried  tubercle  bacilli: 

Nucleic  acid 8.6  grams. 

(Tuberculinic  acid) 

Nucleoprotamin 25 . 5  " 

Nucleoproteid 23  " 

Albuminoids 8.3  " 

(Keratin,  etc.) 

Fat  and  wax 26.6      " 

Ash 9.2  " 

A  true  globulin  has  been  isolated  from  bacteria  by  Hellmich,*  and 
true  proteids,  coag\ilable  by  heat,  have  been  demonstrated  by  Buchner,' 
in  the  "  Presssaft " or  juice  obtained  by  subjecting  bacteria  to  mechanical 
pressure.  In  this  connection,  too,  we  should  not  fail  to  consider  the 
thermolabile  toxic  substances  contained  in  many  bacteria,  the  endo- 
toxins, which  though  of  uncertain  chemical  nature,  are  probably  pro- 
teid  in  composition.* 

The  fats  which  are  demonstrable  both  by  microchemical  methods, 
staining  with  Sudan  III.,  Scharlach  R.,  Osmic  acid,  and  by  alcohol- 
ether  extraction,  consist  of  fatty  acids,  true  fats,  and,  in  the  case  of  the 
tubercle  bacillus  at  least,  of  waxy  substances.' 


'  Ruppel,  Zeit.  f.  physiol.  Chemie,  xxvi,  1898. 

•  Hammertehlag,  Zeit.  f.  klin.  Med.,  1891. 

•  Weyl,  Deut.  raed.  Woch.,  1891. 

•  Hellmich,  Arch.  f.  exper.  Pathol.,  etc.,  xxvL 
'Buchner,  Manch.  med.  Woch.,  1897. 

•  ShaUork,  Lancet,  May,  1898. 

» De  SchweiniU  and  Dortet,  Cent.  f.  Bakt.,  I,  xxii,  1897. 
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The  carbohydrates  isolated  from  various  bacteria  consist  chiefly  nf 

small  quantities  of  celtulor'c  ami  nlltfd  hodifs,  pifsumaiily  concerncl  in 

tlie  formation  of  the  hacteiiul  cell  ineiuliranc.     The  denionsl ration  of 

cse  substances  has  boon  successful  only  in  isolated  cases  and  has  not 

und  universal  confirmation. 

Glycogen-like  substances  have  been  demonstraterl,  according  to 
A.  Fischer,'  in  B.  subtilis  and  B.  ooli.  These  bacteria  stained  a  rcddi.sh 
brown  color  when  staineil  with  iodin,  and  after  treatment  with  weak 
acids  were  shown  to  contain  dextrose. 

The  bacterial  ash;  remaining  after  removal  of  other  substances,  con- 
ewts  largely  of  phosphates  and  chlorides  of  potas-sium,  .sotliuni,  cal- 
cium, and  magnesium. 

Osmotic  Properties  of  the  Bacterial  Oell, — Like  all  other  animal  and 
vegetable  cells,  tlie  bacterial  cell  fonns  in  itself  a  small  osmotic  unit 
which  reacts  delicately  to  differences  of  pressure  existing  between  its 
own  protoplasm  and  the  surrounding  rafdiuni.  The  perfect  and  normal 
morphology  of  a  microorganism,  therefore,  can  exist  only  when  the 
osmotic  pressure  within  the  jirotoplasm  of  the  cell  is  isotonic  or  equal 
to  that  of  its  own  environment.  The  changes  produced  in  the  morpho- 
logical relations  of  a  cell  when  transferred  from  one  environment  into 
another  of  varying  osmotic  pressure,  depeiu!  hitimately  upon  the 
"permeability"  of  the  cell  membrane  for  different  substances.  When 
such  a  membrane  is  ponneable  for  water  and  not  for  substances  in  solu- 
tion, it  is  technically  si«>ken  of  as  "  semi-permeable."  Now,  as  a  matter 
of  fact,  the  bacterial  cell  nieniltrane  is  easily  permeable  for  water,  but 
its  penneability  differs  greatly  in  various  sjjecies  of  bacteria  for  other 
substances.  Tims,  fur  instance,  the  cholera  vibrio  shows  great  pernie- 
al)ility  for  common  salt  and  B.  fluorescens  li([uefaclens  shows  a  lower 
pi^mieability  for  potassium  nitrate  than  do  many  other  bacteria.' 

\\*hen  a  microorganism  is  sutldenly  removed  from  an  environment 
of  low  osmotic  jjressure  into  one  showing  a  high  pressure,  say,  from  a 
dilute  to  a  concentrated  solution  of  NaCl,  an  abstraction  of  water  from 
the  cell  oc(rurs,  with  a  consequent  shrinkage  of  the  protoplasm  away 
from  the  cell  membrane.  This  process  is  spoken  of  as  "plitsniolysis." 
Coll  death  does  not  usually  occur  with  plasmolysis,  but  by  slow  diffusion 
of  the  salt  itself  into  the  protoplasm,  the  equilibrium  may  eventually 
be  restored  and  the  normal  morjihologj*  of  the  cell  resumcil.    In  all  cases 


'  A.  Pitcher,  "  Vorleaun(ien  libcrdie  Bakt.,"  Jena,  1903. 
^QoUncMirh,  in  Fhlgge,  "  MikroorganLsmen,"  i,  p.  91. 
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the  speed  and  completeness  of  the  return  to  normal  depends  upon  the 
permeability  of  the  cell  membrane  for  the  dissolved  substances.  There 
is  no  evidence  to  support  the  view  that  the  internal  pressure  of  a  cell 
may  be  in  any  way  increased  by  an  inherent  power  of  the  protoplasm 
independently  of  the  laws  of  diffusion.  As  a  general  rule,  old  cvdtures 
are  more  susceptible  to  plasmolysis  than  are  young  and  vigorous  strains. 
Spores  and,  according  to  A.  Fischer,*  ^agclla  are  much  less  susceptible 
to  osmotic  changes  than  are  the  vegetative  bodies. 

When,  on  the  other  hand,  bacteria  are  suddenly  removed  from  a 
medium  possessing  a  high  osmotic  pressure  to  one  comparatively  low, 
say,  from  a  concentrated  salt  solution  to  distilled  water,  a  bursting  of  the 
cell  may  occur,  a  process  spoken  of  as  "  plasmoptysis."  Plasmoptysis 
leads  to  cell  death,  and  is  probably  the  cause  of  the  death  of  micro- 
organisms so  often  observed  in  distilled-water  emulsions  of  bacteria. 

Other  Physical  Properties  of  Bacteria. — ^The  refractive  index  of  the 
vegetative  bacterial  body  is  low,  in  contrast  to  the  highly  refractive 
character  of  the  sporessand  flagella.  According  to  Fischer,  the  ectoplasm 
or  cell  membrane  showa.  a  higher  index  than  does  the  endoplasm. 

The  specific  gh«tity_W«irious  microorganisms  has  been  investi- 
gated by  Bolton,*  Rubner\and  others.  Some  of  Rubner's  results  are 
the  following: 

Gelatin  fluidifiera Sp.  gr.  1 .0651 

Gas  formers "     "   1.0465 

Cultures  from  poteto "     "1.038 

M.  prodigiosus "     "   1.054 


'  A.  Fischer,  quoted  from  Gottschlich  in  FlQgge,  "  Mikroorganismen,"  I,  p.  91. 
» BoUon,  Zeit.  f.  Hyg.,  i,  1886.  •  Rubner,  Arch.  f.  Hyg.,  xi,  1890. 
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THE  RELATION   UF  BACrrERIA    lO    ENVIRONMENT,  AND  THEIK 

CLASSIFICATION 


NUTRITION    OF    BACTERIA 

LiKK  all  protoplasmir  bodies,  bacttria  consist  of  carbon,  oxygen, 
hydrogen,  and  nitrogen,  to  which  arc  addeil  inorganic  salts  and  varying 
cjuantitiea  of  phosphonis  and  sulphur.  In  order  that  bacteria  may 
develop  and  multiply,  therefore,  thcj'  must  be  supi)lie<l  with  these  sub- 
stances in  proper  quantity  and  in  forms  suitable  for  assimilation.  To 
formulate  definite  laws  based  on  cbemictd  structure  as  to  the  compounils 
suitable,  anil  those  unsuitable  for  use  by  the  bacteria,  is  obviously  im- 
po8siV>le  owing  to  the  great  metabolic  variations  existing  within  the 
bacterial  kingdom,  and  notable  attempts  to  ilo  so,  such  as  those  by 
Loew,'  have  not  successfully  withstood  critical  inquiry. 

Carbon. — ^The  carbon  necessary  for  bacterial  nourishment  or  ana- 
bolism  may  be  obtained  either  directly  fi'om  proteids,  carbohydrates, 
and  fats,  or  from  the  simpler  derivatives  of  these  substances.  Thus,  the 
amido-acids.  leucin  and  tyrosin,  ketons,  and  organic  acids,  like  tartaric, 
citric,  and  acetic  acids,  glycerin,  ami  even  some  of  the  alcohols,  may 
furnish  carbon  in  a  form  suitable  for  bacterial  assimilation.  A  limited 
number  of  bacterial  species,  furthennore,  notably  the  nitrobacteria  of 
Winogradsky,  arc  capable  of  obtaining  their  required  carbon  from 
atmospheric  CO,,  and  possibly  from  other  simple  carbon  compounds 
added  to  culturc  media.' 

Oxygen. — Oxygen  is  obtained,  hj'  the  large  majority  of  bacteria, 
tlireclly  from  the  atmosphere  in  the  form  of  free  Oj.  For  many  micro- 
organisms, moreover,  the  presence  of  free  oxygen  is  a  necessary  condi- 
tion for  growth.  These  are  spoken  of  as  the  "obligator}-  aeroV)es." 
Among  the  pathogenic  bacteria  proper,  many,  like  the  gonococcus, 
bacillus  influenzae,  and  bacillus  pestis,  show  a  marked  preference  for  a 
rell-o.xygcnat^d  environment.     Probably  there  is  no  pathogenic  micro- 

<  Loetc.  Cent.  f.  Bakt.,  I,  xii,  1892. 

•  Munii,  Compt.  rend,  de  I'acad.  des  sciences,  t.  iii, 
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organism  which,  irnder  certain  conditions  of  nutrition,  is  entirely 
unable  to  exist  and  multiply  in  the  complete  absence  of  this  gas.  The 
conditions  existing  within  the  infected  animal  organism  cause  it  to 
seem  Ukely  that  all  incitants  of  infection  may,  at  times,  thrive  in  the 
complete  absence  of  free  oxygen. 

There  is  another  class  of  organisms,  on  the  other  hand,  for  whose 
development  the  presence  of  free  oxjgen  is  directly  injurious.  These 
microorganisms,  known  as  "obUgatory  anaerobes,"  obtain  their  supply 
of  oxygen  indirectly,  by  enzymatic  processes  of  fermentative  and  pro- 
teolytic cleavage,  from  carbohydrates  and  proteids,  or  by  reduction 
from  reducible  bodies.  Among  the  pathogenic  microorganisms  the  class 
of  "obligatory  anaerobes"  is  represented  chiefly  by  Bacillus  tetani,  the 
bacillus  of  malignant  edema,  the  bacillus  of  •  symptomatic  anthrax. 
Bacillus  aerogenes  capsulatus,  and  BaciUus  botulinus. 

Intermediate  between  these  two  classes  is  a  large  group  of  bacteria 
which  thrive  well  both  tmder  aerobic  and  anaerobic  conditions.  Some 
of  these,  which  have  a  preference  for  free  oxygen  but  nevertheless 
possess  the  power  of  thriving  under  anaerobic  conditions,  are  spoken 
of  as  "facultative  anaerobes."  In  others  the  reverse  of  this  is  true; 
these  are  spoken  of  as  "facultative  aerobes."  These  varieties  of 
bacteria  are  by  far  the  most  numerous  and  comprise  most  of  oui 
parasitic  and  saprophytic  bacteria. 

The  relation  of  microorganisms  to  oxygen  is  extremely  subtle,  there- 
fore, and  not  to  be  biologically  dismi.sscd  by  a  rigid  classification  into 
aerobes,  facultative  anaerobes,  and  obligatory  anaerobes.  Both  Engel- 
mann,'  by  a  method  of  observing  motile  bacteria  in  the  hanging  drop 
as  to  their  behavior  in  relation  to  the  oxygen  given  off  by  a  chlorophyll- 
bearing  alga,  and  Beijerinck,'  by  a  macroscopic  method  of  observing 
similar  bacteria  as  to  their  motion  away  from  or  toward  an  oxj-gonated 
area,  were  able  to  demonstrate  delicately  graded  variations  between 
species,  favoring  various  degrees  of  oxygen  pivssure. 

The  discovery  by  Pasteur  that  certain  bacteria  develop  only  in  the 
absence  of  free  oxygen,  produced  a  revolution  in  our  conceptions  of 
metabolic  processes,  since  up  to  that  time  it  was  believed  that  life  could 
be  supported  only  when  a  free  supply  of  O,  was  obtainable.  Pasteur's 
original  explanation  for  this  phenomenon  was  that  anaerobic  conditions 
of  life  were  always  associated  with  some  form  of  carbohydrate  fermenta- 

■  Engelmann,  Botanische  Zcitung,  1881. 
>  Beijerinek,  Cent  f.  Bakt.,  I.  xiv,  1893. 
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on  and  that  oxygen  was  obtained  by  these  microorganisms  by  a  sph't- 
Thig  of  carbohydratt's.  As  a  matter  of  fact,  for  a  large  number  of  micro- 
orguriianis,  thLs  is  actuidly  true,  and  the  presence  of  readily  fermentable 

bohytirates  not  only  increases  the  growth  energy  of  a  large  numlx>r 
of  anaerobic  bact-eiia,  but  in  many  cases  permits  otherwise  purely 
lU'robic  bacteria  U)  thrive  under  anaerobic  conditions.'  On  the 
other  hand,  the  basis  of  anaerobic  growth  can  not  always  be  found 
in  the  fermentation  of  carbohydrates  or  in  the  simple  process  of 
reduction. 

The  favorable  influence  of  certain  actively  reducing  bodies,  like 
WMlium  formate  or  .sodium-indigo-.sulphate,  upon  anaerobic  cultivation 
i.s  probal)lj'  referable  to  their  ability  to  remove  free  oxygen  froTn  the 
media  and  thus  perfect  the  anaerobiosis.*  A  number  of  strictly  anae- 
robic bacteria,  however,  may  develop  in  the  entirv  aV)sence  of  rarbolu'- 
dratfs  or  reducing  substances,  obtaining  their  o.xygen  supply  from  other 
swtabic  sources,  some  of  which  may  be  the  complex  prot^ids,  Thus 
the  tetanus  bacillus  may'  thrive  when  the  nutritive  substances  in  the 
media  arc  entirely  proteid  in  nature.  (See  p.  28.) 
f  As  Hesse*  has  ahowT3,the  respiratory  processes  of  aerobic  bacteria 
"consist  in  the  taking  in  of  oxygen  and  the  excretion  of  C0.„  The  CO, 
excretion  has  been  shown,  in  these  cases,  to  be  markedly  less  than  is 
represented  in  the  intake  of  oxygen. 

AnaeroWs,  likewise,  show  an  excretion  of  CO,  which  must,  in  these 

8,  be  a  result  of  bacterial  katabolism. 

Certain  bacteria,  like  the  red  sulphur  bacteria,  have  the  power  of 
utilizing  atmospheric  oxygen  in  the  same  way  in  which  this  process 

I  takes  place  in  the  chlorophyll-bcaiing  plants. 
\  While  a  profuse  supply  of  oxygen  absolutely  inhibits  the  growlh  of 
most  anaerobes,  a  number  of  these  may,  nevertheless,  develop  when  only 
small  quantities  of  oxygen  are  present.  Minute  quantities  of  free  oxy- 
gen in  culture  media  have  been  showni  by  Beijerinck'  and  others  not  to 
inhibit  the  growth  of  Bacillus  tetani  and  Theobald  Smith  *  has  recently 
emonstrated  that  when  suitable  nutritive  material  in  the  form  of  fresh 
yer  tissue  is  added  to  bouillon,  a  number  of  anaerobic  bacteria  may  be 


'  Theobnid  Smith .  Cent.  f.  Bnkt.,  T,  xviii,  1895. 

»  Kiia»ato  nii<l  Wryl,  Zeif.  f.  Hyg..  via,  1890. 

•  CAurfiVjAotc,  Cent.  f.  Bakt.,  Uef..  II,  iv,  189a 

•£fe*w,  Zeit.  f.  Hyg.,  xv,  1897. 

*Bei]ennck,CA>nt.  f.  Bakt..  II,  vi,    1900. 

'  TA.  Smith,  Bruwti,  and  H'o/Aer,  Jour.  Med.  Res.,  ix,  1006. 
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induced  to  grow  in  iiKliffcrently  amw-robic  environment.  Ferrari 
succpeded  in  adapting  the  tetanus  bacillus  to  an  aerobic  environraei 
III  this  casr,  however,  the  virulence  of  the  bacillus  was  lost. 

Nitrogen. — The  nitrogen  required  by  bacteria  is  taken,  in  most  case 
from  proteins,  and  many  of  the  non-diff u.sible  albumins  may  be  rendere 
as.similable  by  the  proteolyzing  enzjTnes  possessed  by  microorganisms 
Among  the  pathogenic,  more  strictly  parasitic  bacteria,  moreover,  i 
delicate  specialization  may  be  observed  as  to  the  particular  varieties  o^ 
animal  albumin  which  may  Iw  utilized  by  them.     Thus  the  gonococcui 
gro\^-s  more  readily  only  upon  imcoagulated  human  blood  serimi;  thw 
PfeifTcr  liaciHas  requires  hemoglobin,  and  the  diphtheria  bacillus  out^l 
grows  other  bacteria  upon  a  medium  composed  for  the  greater  part  of] 
coagulated  i>eef  serum.     For  bacteria  that  do  not  require  native  animal  ^i 
protein  for  their  development,  the  most  common  nitrogenous  ingredient 
of  culture  me<lia  is  pepton. 

Many  bacteria  (pathogenic  and  saprophj-tic),  on  the  other  hand, 
may  thrive  on  media  containing  absolutely  no  protein,  in  which  case, 
of  course,  a  sjiithesis  of  protein  must  be  assumed.  A  medium  used  to 
demonstrate  this,  devised  by  Uschinski,^  contains  ammonium  lactate, 
glycerin,  asparagin  (the  amide  of  amido-succinic  acid),  and  inorganic 
salts. 

Great  in,  creatinin,  urea  and  urates,  and  even  ammonia  compounds 
and  nitrates,  may  serve  as  sources  of  nitrogen  for  many  of  the  less 
parasitic  bacteria.  A  liwiited  number  of  species,  moreover,  the  bacilli 
in  the  root  tubercles  of  the  legxmiinosae  and  the  nitrogen-fixing  organ- 
isms of  the  soil,  can  obtain  their  nitrogen  directly  from  the  free  Nj  of 
the  atmosphere. 

Although  the  sources  of  carbonaceous  and  of  nitrogenous  food  have 
been  separately  discussed,  it  should  not  be  forgotten  that,  in  many 
instances,  both  elements  are  taken  up  within  the  same  compound,  and 
that  separate  supplies  are  a  necessity  in  isolated  cases  only. 

Hydrogen. — Hydrogen  is  obtained  by  bacteria  largely  in  combina- 
tion as  water  and  together  with  the  carbon  and  nitrogen  containing 
substances. 

Salts. — The  phosphatic  constituents  of  the  bacterial  body  are  taken 
in,  chiefly,  as  phosphates  of  magnesium,  calcium,  sodium,  or  potassimn. 
The  phosphates  seem  to  be  necessarj'  constituents  of  culture  metlia, 

•  Femm,  Cent.  f.  Bakt.,  1,  xxiv,  1898. 

•  Unchinthi,  Cent.  f.  Bukt.,  I,  xiv,  1893. 
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rhile  chlorides,  on  the  other  hand,  according  to  Proskauer '  and  Beck 

not  absolutely  essential.     Sodium  salts,  Jis  a  rule,  seem  to  be  more 

ivantageous  for  purposes  of  WacU'rial  cultivation  than  potassium  salts. 

The  uncombined  sulphur,  which  is  often  a  constituent  of  bacteria, 

1  usually  supplied  by  solulile  sulphates.     In  the  ease  of  the  thiobacteria 

'  Winogradsky,  however,  free  H;S  is  necessary  for  it.s  formation. - 

The  iron  contained  in  some  higher  bacteria  is  taken  in  as  ferrous 
ampountls,  ami  is  oxidized  in  tiic  bacterial  into  ferric  compounds. 

The  relative  quantities  of  various  nutrients  in  culture  media  are 
iportant  in  so  far  as  too  high  concentrations  may  inhibit  growth.  In 
lis  respect,  however,  separate  species  van,'. 

The  development  of  bacteria  is  far  oftcncr  arrested  by  the  accumula- 
ion  of  waste  products  than  by  an  exhaustion  of  nutrient  materials. 

PARASITISM  AND  SAFROPHYTISM 

When  we  speak  of  bacteria  as  parasites  or  i\s  saproph>'1es,  we  classify 
bem,  primarily,  according  to  tlieir  relationship  to  the  hodiea  of  higher 
limals.  "Parasites"  are  those  bacteria  which  are  capable  of  living 
[id  multiplying  within  the  human  or  animal  body,  whereiLs  the  term 
'saprophytes"  refers  to  the  multitude  of  microorganisms  which  are 
tunable  to  hold  their  own  under  the  enviroimiental  contlitions  found  in 
he  tissues  of  higher  auunals,  but  are  found,  ahnost  ubiquitously,  in  air, 
jil,  manure,  and  water.  Tiic  separation  Is  by  no  means  a  .sharp  one 
id  carries  with  it  other  unplication-s,  which  the  use  of  these  temis  always 
jnveys.  Wiile  parasites  are  usually  very  fastidious  as  to  nutritional 
Fand  temperature  requirements,  most  saprophytes  arc  easily  cultivated 
|upon  the  simplest  media.  Thus  certain  panwitic  bacteria,  such  jis  the 
jacillus  of  influenza,  the  gonococcus,  and  others,  are  dependent  upon 
specific  forms  of  animal  protcids  for  their  food  supply,  while  typical 
iprophytes,  like  Bacillus  proteus,  may  thrive  and  multiply  upon  even 
the  simplest  organic  proteid  derivatives. 
^m  Between  the  strict  parasites  and  the  saprophytes,  there  is  a  large 
^Bclass  of  bacteria,  to  winch  the  majority  of  pathogenic  varieties  i)elong,  the 
^■perabers  of  which  are  capable  of  developing  luxuriantly  under  b<»th  con- 
^Hitions.  These  bacteria  are  often  si>(>ken  of  as  facultative  parasites. 
^P      More  recently  the  question  of  parstsitism  and  saprophj'tism  has 


I 


'  Proakauer  and  Beck,  Zeit.  f.  Hyg,,  xviii,  1895. 
»  Vogea,  Cent.  f.  Bukt.,  I,  xviii,  1893. 
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become  closely  interwoven  with  our  conceptions  of  virulence.  Bail 
(see  section  on  A^ressins)  has  classified  parasites  into  strict  parasites 
and  half  parasites.  By  the  first  term  he  designates  bacteria  like  Bacillus 
anthracis,  which  actually  invade  all  the  tissues  of  their  host,  while,  by 
the  term  "half  parasites,"  he  refers  to  microorganisms  like  the  spirilum 
of  cholera  which  gain  a  foothold  upon  some  part  of  the  body  of  the  host, 
but  do  not  actually  penetrate  into  the  general  circulation. 

All  pathogenic  bacteria,  therefore,  must  be  grouped  as  parasites, 
strict  or  facultative,  while  the  saprophytes,  as  a  class,  perform  the  far 
more  thankful  task  of  breaking  up  organic  matter  outside  of  the  animal 
body,  by  putrefaction  and  fermentation.  Absolute  separation  between 
the  two  classes,  however,  can  not  be  maintained,  since  many  ordinarily 
saprophjrtic  bacteria  may  display  parasitic  qualities  if  administered  in 
large  numbers  to  animals  or  man  in  whom  resistance  to  bacterial  invasion 
is  at  a  low  ebb. 


ANTAGONISM  AND  STMBIOSIS  OF  BACTESIA 

The  ubiquity  of  bacteria  in  nature  of  course  implies  the  simul- 
taneous presence  of  many  species  in  all  places  where  special  conditions 
have  provided  a  favorable  environment  for  growth.  Thus  bacteriologi- 
cal investigation  of  water,  milk,  manure,  soil,  or  organic  infusions,  always 
reveals  the  presence  of  a  large  number  of  different  varieties  within  the 
same  substance.  If  the  food  supply  in  such  a  natural  culture  is  at  all 
limited  in  quantity,  or  the  removal  of  waste  products  is  prohibited,  it 
will  usually  be  found  that  gradually  the  numbers  of  varieties  will  dimin- 
ish and  a  few  species,  or  even  only  one,  will  prevail.  In  the  case  of  milk, 
for  instance,  after  standing  for  three  or  four  days  at  a  suitable  temper- 
ature, two  or  three  varieties  will  be  found  to  have  taken  the  place  of 
the  twenty  or  thirty,  which  may  have  been  present  originally. 

This  behavior  is  due  to  the  influence  which  various  microorganisms 
exert  upon  each  other  and  is  known  as  antagonism.  Such  antagonism 
probably  depends  upon  the  fact  that  the  metabolic  products  of  the  pre- 
dominant species  (the  one  or  ones  for  whom  the  special  cultural  condi- 
tions are  most  favorable)  inhibit  the  growth  of  the  less  vigorous  varieties. 
Many  examples,  experimentally  supported,  of  such  antagonism,  can  be 
given.  Thus,  the  gonococcus  is  distinctly  inhibited  by  the  soluble  pro- 
ducts of  Bacillus  pyocyaneus, '  while  in  the  presence  of  pyogenic  cocci  it 

^Sehajer,  Fortscbr.  d.  Med.,  5, 1890. 
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evelops  luxuriantly,  and  the  bacillus  of  plague  is  completely  inhibited 
fhen  streptococci  arc  present  in  the  culture.  ' 

Mutual  inhiliition  may  also  be  tiue  to  the  monopolizing  of  the  nutri- 
aon  in  the  medium  by  the  predominating  species  or  to  the  change  in  re- 
ction  produced  by  its  growth.  This  last  consitleration  is  probably  the 
cret  of  the  inhibitorj'  effect  exerted  by  acid-protlucers  upon  l)acteria  of 
putrefaction,  and  has  received  practical  therapeutic  application  in 
Metchnikoff's  tacti(!-acid  bacillus  therapy,  which  set;. 

When  simultaneous  presence  of  two  species  in  the  same  environment 
favors  the  development  of  both,  the  condition  is  spoken  of  as  sjanbiosis. 
Such  dependence  is  not  so  frequent  as  antagonism,  but  it  does  occur. 
Examples  of  such  a  condition  have  been  observed  in  cultures  containing 
diphtheria  bacilli  and  streptococci '  anil  have  been  frequently  observed 
in  cultures  containing  both  aerobic  and  anaerobic  bacteria,  where  the 
former  favor  the  development  of  the  latter  by  monopolizing  the  supply 
of  free  oxygen.  Symbiosis  may  also  take  place  in  cultures  in  which  com- 
plex food  products  are  split  up  by  one  species,  furnishing  substances  for 
ingestion  by  species  with  a  lesser  digestive  ability. 


I 


RELATIONS   OF   BACTERIA  TO   PHYSICAL  ENVIRONMENT 


Relation  of  Temperature. — Like  all  other  living  beings,  bacteria 
develop  and  multiply  ])y  virtue  of  a  weries  of  chemical  and  physical 
processes,  by  means  of  which  growth  energy  is  obtained  by  destruction 
or  catabolism,  and  the  lost  tissues  resupplied  by  absorption  of  nutritive 
materials.  It  is  natural,  therefore,  that  the  conditions  of  external 
temperature  should  intimately  affect  the  metabolic  processes.  The 
range  of  temperature  at  which  bacteria  may  grow  is  subject  to  wide 
variations  among  different  species.  Each  species,  on  the  other  hand, 
may  thrive  within  a  more  or  less  elastic  range  of  temperature,  each  one 
having  an  optinmm,  a  minimum,  and  a  definite  maximum  tempera- 
ture. Wlien  the  optimum  temperature  is  present  in  the  environment, 
the  functions  of  absorption  and  excretion  keep  pace  with  each  other,  and 
the  chemical  balance  is  well  preser%'ed.  When  the  temperature  is  lower 
than  the  optimum,  all  metalwilic  processes  take  place  more  slowly,  and 
the  bacterium  gradually  enters  into  a  resting  or  latent  stage,  at  which  ac- 
tual growth  may  1m'  exceedingly  slow  or  entirely  inhibited.  When  the 
temperature  is  higher  than  the  optimum,  the  destructive  processes  are 

'  Bi7/<T,  Rep.  EK>T>t  Plague  Com.,  Cairo,  1897. 
*Hilherl,  Zeit.  f.  ilyg.,  xxix,  1896. 
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carried  ou  inoro  rapidly  than  the  substitution  of  waste  products  by  ab- 
sorption, and  a  gratiual  weakening  of  vital  energy,  or  even  a  gradual 
death  of  the  bacterium,  may  take  place.  Wtien  certain  bacteria  form 
spores,  tliey  become  very  much  more  resistant  against  lK»th  high  and' 
low  temperatures,  probably  because  a  true  resting  stsige  has  beem 
reached,  during  which  metabolism  has  been  reduced  to  a  minimum, | 
there  being  practically  no  nutritive  material  taken  in  and  corresponding- 
ly little  destruction  taking  place  within  the  body  of  the  microorganism. 

The  optimum  temperature  for  various  bacteria  depends  upon  the 
habitual  enviromneiit,  in  which  the  particular  sfjecies  is  accustomed  to 
exist.  Thus,  for  the  large  majority  of  bacteria  pathogenic  for  human  j 
beings,  the  optimiun  temperature  is  at  or  about  37. .5°  C  There  are 
a  large  number  of  liacteria  common  in  water,  however,  which  grow 
hardly  at  all  at  the  body  temp<?raturc,  but  thrive  most  luxuriantly  at  ■ 
temperatures  of  about  20°  C.  F.  Forster,  '  moreover,  described  certain 
phosphorescent  bacteria,  i-solated  from  sea-water,  which  grow  readily  at 
0°  C,  or  a  little  al>ove.  On  the  other  hand,  Miquel '  has  described  non- 
motile  bacilli,  which  he  isolated  from  the  water  of  the  Seine,  which  grew 
rapidly  at  temperatures  ranging  about  70°  C,  and  the  so-called  "muce-j 
dintes  thermophiles, "  descrilied  by  Tsikiinski,'  develop  most  readily  at . 
temperatures  very  little  above  this.  It  is  thus  plain  that  the  tempera- 
tures favored  by  various  bacteria  depend  to  a  large  extent  upon  an 
adaption  of  these  bacteria  through  many  generations  to  specific  en-j 
vironmental  coniiitions.  A  good  illustration  of  this  is  furnished  by  the 
bacillus  of  avi.an  tuberculosis,  a  microorganism  differing  essentially 
from  the  bacillus  of  human  tuberculosis  in  that  its  optimum  growth 
temperature  lies  at  4l°~i'2°  C,  a  temperature  which  exceeds  the  op-i 
timum  temperature  for  the  Inmian  tj^pe  by  as  much  as  the  normal  tem- 
perature of  birds  exceeds  that  of  man.  The  same  principle  is  illustrated 
by  the  facts  that  the  bacteria  which  have  a  verj^  low  optimum  tem- 
perature are  usually  those  isolate<l  from  water,  and  the  so-called  ther- 
mophile  or  high-temperature  bacteria  are  obtained  from  hot  springs  andi 
from  the  upper  layers  of  the  soil,  where,  according  to  Globig,^  occasion-^ 
ally  temperatures  ranging  from  about  55°  C.  occur. 

As  stated  before,  one  and  the  same  species  may  develop  within  a 


'  F.  Fnrsler,  Cent.  f.  Bakt.,  ii,  18S7. 

«  Miguel,  Bull,  (le  la  8tnt.  Munic.  de  Paris,  1879. 

»  Ttxklirviki,  Ann.  Past.,  1889. 

«  Globif,  Zeit.  f .  Hyg.,  iiu 
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|Wide  temperature  range,  and  it  may  be  possible,  by  persistent  cultiva- 
tion at  special  temperatures,  to  adapt  certain  bacteria  to  grow  luxu- 
riantly at  temperatures  removed  by  several  degrees  from  their  normal 
aptimum.     In  such  cases  it  may  often  occur  that  specijil  characteristics 
lof  the  given  species  may  be  lost.     An  example  of  this  is  the  loss  of  viru- 
lence and  of  spore-fonnation  which  takes  place  when  trnthrax  bacilli 
re  cultivated  at  42°  C,  or  the  loss  of  the  power  to  produce  pigment 
rhen  bacillus  prodigiosus  is  gro\ATi  at  temperatures  above  30°  C. 

The  vegetative  forms  of  most  of  the  pathogenic  bacteria  may  grow 

%t  temperatures  ranging  between  20°  C.  auti  40°  C.     This  can,  however, 

by  no  means  be  regarded  as  applicable  to  all  of  tlic  pathogenic  bacteria, 

[as  some  of  these,  like  the  gonococcus,  the  pneumococcus,  the  tubercle 

[bacillus,  and  others,  are  delicately  susceptible  to  temperature  changes 

[and  have  the  power  of  growing  only  %vithin  limits  varying  but  a  few 

[degrees  from  their  optimum.     Others,  on  the  other  hanfi,  like  bacilli  of 

[the  colon  group,  Bacillus  anthracis,  Spirillum  choierae  a.siaticffi,  etc., 

[tnay  develop  at  temperatures  as  low  a;3  10°  C.  and  sis  high  iis  40°  C,  or 

lover.     The  range  of  temperature  at  which  s^iprophjiic  bacteria  may 

ievclop  is  usually  a  far  wider  one.     When  temperatures  exceed  in  any 

[considerable  degree  the  maximum  growth  temperature,  tlie  vegetative 

[forms  of  bacteria  perish.     Thus,  ten  minutes'  exposure  to  a  temperature 

jf  between  55°  and  60°  C.  causes  death  of  the  vegetative  forms  of  most 

licroorganisms.     Death  in  such  cases  is  due  probaVdy  to  a  coagulation 

'  the  protoplasm,  and  since  all  such  processes  of  coagulation  take  place 

est  in  the  presence  of  water,  the  thermal  death  point  of  most  bacteria 

is  lower  when  heat  is  applied  in  the  form  of  boiling  water  or  steam, 

i^than  when  employed  as  dry  heat.     (See  section  on  Sterilization.) 

Wlicn  spores  are  present  in  cultures,  the  resistance  to  heat  is  enor- 
lously  increased.  Exactly  what  the  explanation  of  this  is  can  not  be  at 
[)resent  stated.  It  may  be  that  the  high  concentration  in  which  the 
protoplasmic  mass  is  found  in  the  spores  renders  it  less  ea.sily  coagulable 
Ihan  is  the  protoplasm  of  the  vegetative  body.  A  more  detailed  discus- 
lion  of  these  relations  will  be  found  in  the  section  on  Heat  sterilization. 
The  thermal  death  points  of  many  bacteria  have  been  carefully 
Btudied  by  Steml)erg,'  by  a  technique  <lescribed  elsewhere. 

The  thermal  death  points  ascertained  by  him  in  this  way,  with  an 
sure  of  ten  minutes  in  a  fluid  medium,  for  some  of  the  more  common 
lon-sporogenic  bacteria  are  as  follows: 
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Spirillum  cholene  asiaticas 62*  C. 

Diploooccus  imeumonis 62*  C. 

Streptococcus  pyogenes 64"*  C, 

Bacillus  typhosus 56"  C. 

Bacillus  pyocyaneus 56"  C. 

Bacillus  mucoBus  capsulatus 56"  C. 

Bacillus  prodigiosus 58"   C. 

Staphylococcus  pyogenes  aureus 58"  C. 

Gonococcus 60"   C. 

Staphylococcus  pyogenes  albus 62"  C. 

The  bacillus  tuberculosis,  though  not  a  spore  bearer,  seems  to  be  slightly 
more  resistant  to  heat  than  other  purely  v^etative  microorganisma. 
Thus,  according  to  Smith '  and  others,  ten  and  twenty  minutes'  ex- 
posure to  a  temperature  of  70°  C.  is  necessary  to  destroy  tubercle  bacilli 
in  a  fluid  mediiun.  For  the  effectual  destruction  of  spores  by  moist 
heat,  a  temperature  of  100"  C,  or  boiling  point,  is  usually  necessary. 

Low  temperatures  are  much  less  destructive  than  the  high  ones,  and 
are  even  in  a  number  of  cases  useful  in  keeping  bacteria  alive  for  long 
periods,  inasmuch  as  metabolic  processes  are  inhibited  and  life  is  main- 
tained without  actual  development  in  a  sort  of  resting  state.  Actual 
destruction  by  low  temperatures  rarely  takes  place.  The  exposure  of 
diphtheria,  typhoid,  and  other  bacilli  to  temperatures  as  low  as  200°  C. 
below  zero  has  been  carried  out  without  destruction  of  the  microorgan- 
isms, a  fact  which  is  of  great  importance  in  consider'ng  the  possibility 
of  infection  by  the  vehicle  of  ice.  Meningococci  and  gonococci,  on  the 
other  hand,  die  out  rapidly  when  exposed  to  0°  C. 

Relation  to  Prvssure. — High  pressure  does  not  injure  bacteria. 
Certes'  found  that  a  pressure  of  two  atmospheres  had  no  influence 
upon  the  growth  of  anthnuc  bacilli  suspended  in  blood. 

Relation  to  Moisture. — For  the  growth  and  development  of  all  bac- 
teria, the  presence  of  water  is  necessary.  Nutritive  materials  can  not 
be  absorbed  by  an  osmotic  process  unless  in  a  state  of  solution.  While 
complete  dryness  does  not  permit  growth,  its  destructive  action  upon 
various  bacteria  is  subject  to  great  differences.  The  effect  of  complete 
drying  upon  bacteria  will  be  found  more  fully  discussed  on  page  62.  In 
the  same  place  may  be  found  a  discussion  of  the  effects  of  light,  elec- 
tricity, x-ray,  and  radium  rays  upon  bacteria. 


>  Th.  Smith,  Jour,  of  Experimental  Med.,  No.  3,  1899. 
*  Certes,  Compt.  rend,  de  I'acad.  d.  so.,  99,  Paris,  1884. 
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THE   CLASSIFICATION   OF   BACTERIA 

Too  simple  in  struclun-,  too  vjiricd   in   l>io!oKii'!il   properties  to  be 
definitely  iflpntified  with  either  the  vegetal ile  or  animjil  kingdom,  the 
I  bacteria  are  placed  at  the  Iwttom  of  the  seale  of  all  li\dng  beings.    Closely 
I  linked  on  the  one  hand  to  the  plant  kingdom  by  the  yeasts  and  the 
I  molds,  and  on  the  other  to  the  animal  kingdom  Iiy  the  protozoa,  they 
I  themselves  combine,  within  one  and  the  same  division,  attributes  so 
'  widely  divergent  as  to  structure,  metabolism,  and  biological  activity  that 
their  grouping  is  more  a  matter  of  working  convenience  than  of  actual 
Bcientific  classification.    Thus,  for  instance,  all  stages  of  metabolic  ac- 
tivity fill  in  the  gap  between  the  synthetizing  sulphur  and  nitrifying 
bacteria  and  the  purely  katabolic  activities  of  some  of  the  aerobic  and 
[anaerobic   microorganisms  which  cause   putrefaction.     Growth  takes 
I  place  within  the  limits  of  a  witle  temperature  range,  and  the  specific 
[modes  of  life  and  cultural  conditions  are  subject  to  the  widest  varia- 
I.tions,  from  tho.se  of  an  indisputalily  useful  saprophjlism  to  those  of  the 
[most  exquisite  parasitism.     Although,  therefore,  .strictly  speaking,  the 
bacteria  can  be  cla-ssified  a.s  a  whole  neither  in  the  animal  nor  in  the 
[vegetable  realms,  being  nonclilorophyll-bearing,  they  are  for  conve- 
jnience  classified  with  the  fungi  or  colorless  plants. 

The  relationship  of  ttie  bacteria  to  other  simple  plants  may  be 
[graphically  represented  by  the  following  scheme: 

Ceyptogamia. 

I 

THAIiliOPHyTA. 

I       


ASXJM. 


LiCffENB. 


Fdwoi. 

I 


ScaaoioirrcETES 
(Bacteria). 


BLA.«iTOMYCETBa 

(Yoasta). 


HYPHOMYCETKa 

(Moulds— Oidia), 


Meriaceu;. 
piriUoceai. 


ClitiitnyiiohacttTia. 

(HikIxt  biK'tcria.) 

Strpptiithrix. 

CbKiottirix. 

Lej)t«thrix. 

Actinomycca. 

The  special  classification  of  the  bacteria  has  offered  still  greater 
lifficultics,  for  the  lower  we  proceed  in  the  phylngenetic  scale  of  living 
'beings,  the  less  specialized  the  niorphologica!  and  biological  charac- 
teristic!; of  any  group  become,  and  the  more  difficult  it  is  to  establish  a 
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eLusia&sak/D  whk-b  can  in  any  way  be  regarded  as  final.  It  is,  there- 
£cmr,  quiUr  haposaiAt:  to  clan-sify  the  bacterial  varieties  or  species  on  any 
taas  wiucfa  can  Ik^xt  to  satisfy  all  the  demands  of  scientific  accuracy 
and  h  is  of^xssujy  to  resort  to  the  eiq)edient  of  utilizing  some  one 
eLitncUrvftii:  which  remains  constant  for  the  indi\'idual  genus  and  to 
\j!H¥:  upcm  thii  an  attempt  at  grouping.  When  bacteria  were  first  dis- 
ccn'ered,  an/1  for  many  years  following,  numerous  obser\ers  contended 
that  thfe  form  of  the  micrf>jrganism  oljser\ed  was  not  a  constant  one 
for  «i«h  genu.-,  but  that  cocci  cf^uld  be  converteil  into  bacilli  or  spirilla 
a/rcording  to  environrrjental  conditions.  It  was  Cohn'  who.  in  1872, 
fir<rt  rM.if^iize*!  the  cori.«tancy  of  the  morphologj'  of  bacteria  and  es- 
tal/li^h'td.  ufx^n  rnorr^holwcal  ba-i>,  a  cla.-s<ifi<ation  which,  with  minor 
cliiing'-*,  lia.r  }^-<-n  r<tainf;^l  until  the  present  day.  Such  classifications 
can  not.  how< v-r.  Ik-  r'-gardf'i  a.<  anything  more  than  a  convenient 
rx*ake— hift  f^'-nding  the  day  wh'-n  tlie  finer  .-tnicture  and  true  biological 
r'-latjon-r  of  the  varioa--  bacteria  shall  have  l>een  more  accurately  inves- 
tigat^l.  The  .-'hfirie  t/io^t  commonly  accepted  at  present  is  the  one 
given  Viow,  prof>'^-^-d  by  Migula-: 

Bacteria  ~'Kizorriyr<-f/-  . — Fb-ion  fungi  ("clJorophyll  freeV  coll  division  in  one, 
'.-'■'1,  'iT  •':.:'■'■  'lir''*iori.-  of  >p;i(''.  Many  varii'tics  pi:)<#css  jxjwit  of  form- 
i.'.;;  <:A'f;i'>r'-.     W),<-iicvcr  iiii.)iility  is  jiresoiit,  it  is  due  to  flug(.-lla.  or. 


RELATION  TO  ENVIRONMENT— CLASSIFICATION 

V.  Planosarcina. — Cells  divide  in  three  directions  of  space  as  in 
sarcina,  but  possess  flagella. 

Fauilt  II.  BACTERiACEiB. — Cells  long  or  short,  cylindrical,  straight,  never 
spiral.  Division  in  one  direction  of  space  only,  after  preliminary  elonga- 
tion of  the  rods. 

Genus  I.  BacUxium. — Cells  without  flagella,  often  with  endospores. 

Genua  II.  Bacillus. — Cells  with  peritrichal  flagellu,  often  with  ptKiosporea. 

Genus  III.  Pseudomouas. — Cells  with  polar  flagella.  Endospores  occur 
in  a  few  species,  but  are  rare. 

Familt  III.  Spirillace*. — Cells  .spirally  curved  or  representing  a  part  of  a 
spiral  curve.  Division  in  one  direction  of  apace  only,  after  preceding 
elongation  of  cell. 

Genus  I.  Spirosoma. — Cells  without  organs  of  locomotion.    Rigid. 

Genus  II.  Microspira. — Cells  rigid,  wth  one  or,  more  rarely,  two  or  three 
polar  undulated  ilageha. 

Gemui  III.  Spirillum. — Cells  rigid,  with  polar  tufts  of  five  to  twenty 
flagella  usually  curved  in  semicircular  or  flatly  undulating  curves. 

Gentis  IV.  SpirochaU.— Cells  sinou-sly  flexible.  Organs  of  locomotion  un- 
known, {xirhaps  a  marginal  unduUitiug  membrane. 

Fahilt  IV.  ChlamydobacteriacevE. — Forms  of  varying  stages  of  evolution, 

all  possessing  a  rigid  sheath  (Hiillc),  which  surrounds  the  cells.     Cells 

united  in  branched  or  unbranched  threads. 
Qenus  I.  Strcptothrix. — Cells  united  in  siinjile,  unbranched  thread.s.     Din- 

aion   in   one  direction    of   space   only.      Keprwluction   by  non-motile 

conidia. 
Genus  II.  CladoUirix. — Cells  united   or  pseudodichotomously   branching 

threads.    Division  in  one  direction  of  space  only.    Vegetative  multipU- 

cation  by  separation  of  entire  branches.     Reproduction  by  swarming 

forms  with  polar  flagella. 
Genus  III.  Crenolhrix. — Cells  united  in  unbranched  threads,  at  first  with 

division  in  one  direction  of  space  only.    Later  the  cells  divide  in  all  three 

directions  of  space.    The  daughter  cella  become  rounded  and  develop 

into  reproductive  cells. 
Genus  IV.  Pkragmidiolhrix. — Cells  at  first  united  in  unbranched  threads, 

dividing  in  three  directions  of  space,  thus  forming  a  rope  of  cells.    Later 

some  of  the  cells  may  penetrate  through  sheath,  and  thui  give  rise  to 

branches. 
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Genus  V.  Thiothrix. — Unbranched,  non-motile  threads,  inclosed  in  fine 
sheaths.  Division  of  cells  in  one  direction  only.  Cells  contain  sulphur 
granules. 

Fakilt  V.  Beogiatoacks. — Cells  united  in  sheathless  threads.    Division 
in  one  direction  of  space  only.    Motility  by  undulating  membrane  as  in 
Oscillaria. 
Gmu8  Beggiatoa. — Cells  with  sulphur  granules. 

It  will  be  seen  in  reviewing  the  classification  just  given  that  the  sub- 
divisions are  based  upon  questions  of  form,  motility,  and  situation  of 
flagella.  While  these  characteristics,  so  far  as  we  know,  are  constant, 
there  are,  nevertheless,  many  instances  in  which  types  entirely  similar 
in  these  respects  must  be  differentiated.  This  can  be  done  only  by  care- 
ful study  of  staining  reactions,  finer  structure,  cultural  characteristics, 
and  biological  activities. 

As  a  matter  of  fact,  while  the  botanical  classification  of  the  bacteria 
offers  great  difficulties,  identification  is  not  so  complicated  a' task  as  this 
would  indicate.  Identification,  once  roughly  made  on  a  morphological 
basis,  is  further  carried  on  by  the  aid  of  cultural  characteristics,  by  bio- 
chemical reactions  and  by  pathogenic  properties.  The  bacteria  occupy 
so  important  a  place  in  agriculture,  in  medicine,  and  in  hygiene,  that  it 
rarely  becomes  necessary  for  a  workef  in  any  particular  field  to  survey 
the  entire  group.  The  habitat  of  a  large  number  of  species  is  so  well 
known  that  this  consideration  alone  often  gives  a  clew  to  actual  identi- 
fication. 

Bacterial  Mutation. — ^The  earlier  views  of  bacteriologists  concerning 
mutation  differed  greatly,  Naegeli  holding  that  extensive  mutation  was 
probably  the  rule;  Cohn,  on  the  other  hand,  holding  strictly  to  the 
constancy  of  form  and  species.  The  accumulated  experience  of  many 
bacteriologists  during  the  years  since  then  seems  to  point  almost  entirely 
in  the  direction  indicated  by  Cohn,  and,  in  fact,  most  of  our  methods  of 
classification  are  based  upon  the  assumption  of  such  constancy. 

Form  alone,  of  course,  cannot  be  relied  upon  for  classification  among 
organisms  so  simply  constructed  that  the  possibilities  of  variation  in 
form  are  very  limited.  In  classifying  bacteria,  therefore,  we  are  forced 
to  take  cognizance  not  only  of  morphology,  but  also  of  staining  character- 
istics, behavior  on  differential  media,  fermentation  reactions,  patho- 
graiicity,  and,  as  a  final  appeal,  reactions  with  specific  immune  sera. 
The  last  especially,  as  utilized  in  agglutination  and  complement-fixation. 
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ems  to  indicate  a  fundamental  chemical  difference  in  the  constitution 
bacteria  often  morphologically  very  much  alike.  It  is  certainly  a 
Emarkable  fact  that  organisms  such  as  those  liekmging  to  the  colon- 
ahoid-dyscntery  group,  though  morphologically  not  different iable,  may 
till  retain  differences  both  iti  pathogenicity  and  in  feniientation  powers 
er  being  kept  for  ten  or  more  years  in  laboratory  media,  an<l  the  same 
ffrience  we  have  had  with  organisms  belonging  to  the  fiiphtheria 
group.  The  virulence  of  plague  and  anthrax  bacilli  may  be  retained 
for  years  in  storage,  and  such  evidence  shows  pretty  definitely  that 
fundivmental  constant  differences  between  organisms  exist. 

In  judging  of  mutation  we  must  differentiate  between  temporary 
changes  of  secondary  characteristics  which  revert  to  the  type  rapidly 
when  brought  back  to  the  normal  environment  and  those  which  consti- 
tut-e  permanent  inherited  cliaracteristies.  Of  recent  years  much  work 
has  lx>on  done  on  this  question,  which  has  been  reviewed  very  thoroughly 
by  Eisenljerg  '  and  by  Vaughan.  *  Systematic  cultivation  of  colon  and 
tj^jhoid  bacilli  in  the  hands  of  'I\vort,  Penfold  and  others  seems  to  have 
shown  that  agglutination  as  well  as  fermentation  ciuiracteristics  can  lie 
artificially  changed.  Furthemiore,  color-producing  organisms  like  the 
protligiosus  can  be  artificially  changed  to  colorless  strains,  and  it  is 
well  known  that  certain  microorgatlisAis  rapidly  losi^  their  virulence 
when  cultivated,  and  that  the  virulence  can  only  be  brought  back  by 
passage  through  animals  Rosenow'  chiims  recently  to  have  cunverted 
hemolytic  streptococci  into  t.vpical  streptococcus  viridiuis,  pneumococ- 
cus  mucosas,  and  pneumococcu.s-like  organisms.  In  just  how  far  these 
observations  will  be  shown  to  represent  true  peniianent  mutations  we 
are  not  at  present  ready  to  determine.  If  it  wilt  be  found  that  orgaiusms 
tj'pically  representative  of  a  well-known  species  can  be  changed  in  the 
animal  Ixxly  or  in  culture  into  forms  recognizedly  f  j-pical  of  ani>ther 
species,  we  will  have  to  revise  our  d.-kssifications,  and  we  can  lotik  upon 
the  claascs  as  now  established  merely  as  convenient  methods  of  making 
discussion  po.sjsible,  but  not  as  representing  botanically  constant  typi-s. 
While  we  must  therefore  julmit  that  a  considerable  degree  of  muta- 
tion is  possible,  we  do  not  ourselves  believe  that  the  evidence  is  suffi- 
ciently strong  to  unilermine  the  prevailing  ideas  as  to  the  constancy  of 
species.  Most  mutaliuns  su  far  produced  have  readily  reverted  to 
type  when  subjected  to  proper  coiiditioas. 

'  Evsenberg,  Weichhardt's  Erijebiiiwfo,  1914. 

•  Vauohiw,  Jour,  of  Ijib.  &  Clin.  Mi-x\.,  1015,  vol.  i,  145. 

*  Roienow,  Jour.  Infect.  Din.,  xiv,  l'J14,  1. 
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THE  BIOLOGICAL  ACTIVITIES  OF  BACTERIA 

While  the  bacteria  pathogenic  to  man  and  animals  largely  usurp 
the  attention  of  those  intere!*te(1  in  disease  processes,  this  group  of  niicro- 
orgunisnis  is  i\fter  ail  hut  a  small  specialized  off-shoot  of  tlic  realm  of 
bacteria,  and,  broadly  speaking,  actually  of  minor  importance.     Si 
veying  the  existing  scheme  of  nature,  as  a  whole,  it  is  not  an  extrava- 
gant statement  to  say  that  without  the  bacterial  processes  which 
constantly  active  in  the  reduction  of  complex  organic  substances 
their  simple  compounds,  the  chemical  interchange  between  the  animal 
and    vegetable    kingdoms  would  fail,  and  all  life  on  ejirth  would  of 
necessity  cease.    To  understand  the  full  significance  of  this,  it  is  nee 
sary  to  consider  for  a  moment  the  method  of  the  interchange  of  matter  ' 
between  the  animal  and  vegetable  kingdoms. 

,\11  animals  require  for  their  sustenance  organic  compounds.  They 
are  unable  to  build  up  the  complex  protoplasmic  substances  which  form 
their  body  cells  from  cheniica!  elements  or  from  the  sim|jle  inorganic 
salts.  They  are  dependent  for  the  manufacture  of  their  food -stuffs,  ■ 
therefore,  directly  or  indirectly,  u]Jon  the  synthetic  or  anabolic  activi- 
ties of  th(>  green  plants. 

These  plants,  by  virtue  of  the  chlorophyll  contained  within  the  cella 
of  their  leaves  and  stems,  and  under  the  influence  of  sunlight,  posaeas 
the  power  of  utilizing  liie  carbon  of  the  carbonic  acid  gas  of  the  atmc»« 
phere,  and  of  combining  it  with  water  and  the  nitrogenous  salts  ab*' 
sorbed  by  their  roots,  building  up  from  these  siniijle  radicles  the  highly 
complex  substances  required  for  animal  sustenfmce. 

These  products  of  the  synthetic  activity  of  the  green  plants,  theo^ 
are  ingested  by  nH'ml)crs  of  the  animal  kingdom,  either  directly,  in  thb 
form  of  vegetable  food,  or  intliifctly,  jts  animal  matter.  They  are 
utilized  in  the  complex  laboratorj'  of  the  animal  body  and  are  agaia 
broken  down  into  simpler  compounds,  which  leave  the  body  as  excreta 
and  secreta. 

The  excreta  and  secreta  of  animals,  however,  are,  in  a  small  part 
only,  made  up  of  substances  simple  enough  to  be  directly  utilized  by 
plants.    The  dead  bodies,  moix'ovcr,  of  both  animals  and  plunt^s  would, 
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be  of  little  further  value  as  stores  of  matter  unless  new  factors  inter- 
vened to  reduce  them  to  that  simple  form  in  which  they  may  again 
enter  into  the  synthetic  laboralory  of  the  green  plant.  Agents  for 
further  cleavage  of  these  compounds  are  required,  and  these  are  supplied 
y  tlje  vnried  uctivitie.s  of  the  bacteria. 

On  the  other  hanti,  Iwcteria  arc  also  important  in  the  process  of 
synthesis.  The  main  supply  of  nitrogen  available  for  plant  life  is  foimd 
in  the  elenienfani'  state  in  the  atmosphere — a  condition  in  which  it 
can  not  be  utilized  as  a  raw  product  by  the  plant.  This  gap  again  is 
i>ridged  by  the  bacteria  found  in  the  root  bulbs  of  the  leguminous  plants 
— bacteria  whidi  po.s.ses.s  the  [lower  of  as.similating  or  aiding  in  the  as- 
similation of  atmospheric  nitrogen  and  its  preparation  for  further  use  by 
the  plant  itself.  Another  bacterial  activity  which  may  be  classified  as  an 
anabolic  process  is  the  o.\idation  of  the  ammonia,  released  by  decomposi- 
tion, i?ito  nitrites  and  nitrates.  This  is  carried  on  by  certain  bacteria  of 
the  soil.    These  are  to  \x  treated  of  in  greater  detail  in  another  section. 

There  is  a  constant  circulation,  thercfoiie,  of  nitrogen  and  carbon 
compounds,  between  the  plant  and  the  animal  kingdoms,  by  virtue  of  an 
anabolic  or  constructive  process  in  the  one,  and  a  katabolic  or  destruc- 
tive process  in  the  other.  Hindering  them  mutually  interde])endent  ami 
indispen.sable.  The  circuit,  however,  is  nut  by  any  means  a  clu.-U'd  one; 
there  are  important  gaps,  both  in  the  process  of  cleavage  and  in  that  of 
sjTithesis,  which,  if  left  uubridged  by  the  bacteria,  would  effectually 
arre.st  all  life-activity  of  plants  and  eventually  of  animals. 

Far  from  being  scourges,  therefore,  these  minute  microorganisms 
are  paramount  factors  in  the  great  cycle  of  living  matter,  supplying 
necessary  links  in  the  circulation  of  both  nitrogenous  and  carbon  com- 
poimds. 
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Thp  katabolic  activities  of  liacteria,  then,  consist  in  the  fermentation 
of  carlwhydratcs  and  in  the  cleavage  of  proteids  and  fats. 

Fennentatioii  is  carrie<l  out  to  a  large  extent  by  the  yeasts,  but  also 
to  no  inconsiderable  degree  by  bacteria.  Proteid  decomposition  and  the 
cleavage  of  fats  are  carried  otit  almost  exclusively  by  bacteria. 

For  our  knowledge  of  the  fimdamenta!  laws  underlying  these  phe- 
nomena of  fermentation  and  proteid  decomposition,  we  are  imlebteil 
to  the  genius  of  Pasteur,'  who  was  the  first  to  prove  experimentally  the 


'  Pasteur,  "  £tudc  sur  la  bi  re,"  Paris,  1876. 
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I'HcliMivK  >ui<l  n]n-i'Uit:  purLM  playc'l  hy  various  microorganisins  in  these 
1,1 1  III  .■..•in  VVItilc  iIh-  ol(-,<TViii.i(»riH  >ui<i  'If'liU'iion.s  xntula  by  Pasteur  have 
iHii  Ihmi  j/Kiilly  rri(i<li(ii'l,  ii  IjirR''  nUmmf  iriformiition  has  been  gained 
mnii-  liix  l.ii(i<-,  wliicli  Iihm  iliniwn  iKlditional  li^ht  upon  thn  chemical  de- 
ImiIm  iiihI  (lie  iiioir  (Mill,  iiiiiriiicr  of  iu;l.ioii  nf  the  factors  involved. 

'I'ln'  iit-liiiil  wurK  of  (•lciivii>';ii  in  l»otli  fcniientation  and  proteid  cleav- 
11(11'  In  rill  I  i(<l  oiil,  liy  miiIimIihiccm  known  lus  eii/,yiii«>H  or  fctrnients,  the  nature 
III  wliii'li  \vi-  iiiiimI.  fiiil.lier  iliNriiriM  Ix^fon;  their  manner  of  action  can  be 

lllllv  I'lillijilrlirllilril. 

lliHit«riRl  KiiNyninii  or  Ferments.  -A  ferment  or  enzyme  is  a  substance 
IMiMJiinil  liy  II  living,  rcll,  wliicli  brings  iilxmt  a  chemical  reaction  with- 
iiiil  i'iili'iiii|>,  iiilii  llir  ii'iirlion  itself.  The  enxyme  itsielf  is  not  bound  to 
iiiiv  III  llii<  I'liil  |iiniliirlM  mill  JH  iiii).  iippreciiibly  diminished  in  quantity 
iilti'i  llii'  iriirliiHi  III  iiviT.  iillliiMifrii  its  aclivity  may  be  finally  inhibited 
Im  iiiiiui  iiiiiilli<<i'i)f  lliiMiew  piMtluets.  The  action  of  bacterialenzymes  is 
lliii-i  iri'ii  to  lir  I'liiM'ly  Niiiiilnr  to  that  »»f  the  chemical  agents  technically 
ijinKi'ii  III  n'l  "Kalalv/eix,"  n-pix^st-nted  chietly  by  dilute  acids.  Thus, 
il  uii  iii|iii'iitfi  ■inliitioii  of  sairliaros«<  is  brought  into  contact  with  a 
ililiiir  niliiiiiMi  of  .Milpliiiric  acid,  tiie  dissiccharitl  is  hyilrolyzed  and  is 
ilri'i>iii|Mi'.i<i|  ihiii  li'vulose  and  devtrose. 
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changes  without  themst>Ivcs  being  used  up  in  the  process,  both  act 
without  the  aid  of  heat,  and  the  reactions  brought  about  by  both 
have  occasiouuily  Ijcen  shown  to  be  reversible.  While  this  last  phe- 
nomenon has  iK-en  variously  shown  for  katalyzers,  the  process  of  re- 
versibility has  been  denionstrat<?d  for  bacterial  enzyme  action  only  in 
isolated  cases.  Thus,  it  has  been  found  that  by  the  action  of  the  yeast 
enzyme  maltase  upon  concentrated  dextrose  solutions,  a  re-formation  of 
maltose  may  occur.  In  both  cases,  moreover,  the  quantity  of  enzyme 
or  katalyzer  is  infinitely  small  in  pittportion  to  the  amount  of  materiid 
nverted  by  their  action. 

There  is  a  close  similarity,  furtherniore,  between  the  Ijacterial  en- 
zymes and  the  ferments  ])roduced  by  specialized  cells  of  the  higher  ani- 
mals and  plants.  For  instance,  the  act  iun  of  the  ptyalin  of  the  saliva  or 
of  the  diastase  obtained  from  plants  is  entirely  analogous  to  the  starch- 
splitting  action  of  the  amyhise  producetJ  by  many  bacteria. 

The  action  of  all  enzymes  depends  mo.st  intimatt^ly  upon  environ- 
mental conditions.  For  all  of  them  the  presence  of  nioistui-c  is  essential. 
All  of  them  deiXMid  for  the  development  of  their  activity  upon  the  exist- 
ence of  a  SjK.'cificn.(ly  suitable  reaction.  Strong  acids  or  alkalies  always 
inhibit,  often  destroy  them.  Temperatures  of  over  70°  C.  {lermanently 
destroy  most  enzjiues,  whereas  freezing,  while  temporarih'  inhibiting 
their  action,  cau.ses  no  perTiianent  injuiy,  .so  that  upon  thawing,  their 
activity  may  be  found  almost  unimpaired.  Direct  sunliglit  may  injure, 
but  raivly  destroys,  ferments.  Against  the  weaker  disinfectants  in  com- 
mon use,  enzvTuea  often  show  a  higher  resistance  than  do  the  bacteria 
which  give  rise  to  them. 

The  optimiun  conditions  for  enzyme  action,  tlu-ii,  consist  in  the 
presence  of  moisture,  the  existence  of  a  favorable  reaction,  weakly  acid 
or  alkaline,  as  the  case  may  be,  and  a  temperature  ranging  from  35°- 
4.5°  C 

Proteolytic  Enzymes. — In  nature,  the  decomposition  of  dead  animal 
and  vegetable  matter  occurs  only  when  the  conditions  are  favorahK>  for 
bact*?rial  development.  Thus,  as  is  well  known,  fn-ezing,  stt-rilizing  by 
heat,  or  the  addition  of  disinfectants  will  prevent  the  rotting  of  organic 

terial. 

In  the  lalx)ratory,  the  presence  of  proteolj'tic  enzymes  is  determined 
chiefly  by  the  power  of  bacteria  to  lirjuofy  gelatin,  fibrin,  or  coagulated 
blood  serum.    These  ferments  are  not  always  secretions  from  the  bac- 


'  O/tiienheimrr,  "  Die  Fcrmenlt,"  l-Ic.    Leipzig,  ICMX). 
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teria]  ctU,  but  in  some  casts  may  be  closely  bound  to  the  cell-body  and 
separable  only  by  extraction  after  death.  In  such  cases  they  are  spoken 
of  as  endoenzymes.  Whenever  they  arc  tiuo  secretory  products,  however, 
they  can  be  obtained  separate  from  th(>  microorganisms  which  form  them 
by  filtration  through  a  Berkofelil  candle.  Fiom  such  filtrates  they  may, 
in  some  cases,  be  obtained  in  the  dry  state  by  precipitation  with  alcohol. 
When  obtained  in  thLs  way  the  precipitated  enzyme  is  usually  much 
more  thennostable  than  when  in  solution,  for  while  soluble  enzymes  in 
filtrates  are  usually  destroyed  by  70°  C,  and  even  less,  the  dried  powder 
may  occasionally  withstand  140°  C.  for  as  long  as  ten  minutes.' 

Apai't  from  the  genci'al  conditions  of  temperature  and  moisture,  the 
developmentof  these  enzymes  seems  todepend  directly  upon  the  presence 
of  proteids  in  the  culturr'  media.  The  numJK'r  of  bacterial  species 
which  produce  proteolytic  enzymes  is  legion.  Among  tliose  more  com- 
monly met  with  are  .staphylococci,  B.  subtilis,  B.  ])r()t(nis,  B.  faecalis  • 
liquefaciens,  Spirillum  cholera'  asiaticie.  B.  ai\thracis.  B.  telani,  B.  pyo- 
cyan<'us,and  a  large  number  of  otheis.  The  inal)ility  of  any  given  micro- 
organism to  Ii<juefy  gelatin  or  fibrin  In-  no  means  entirely  excludes  the 
formation  by  it  of  proteolytic  enzymes,  since  these  ferments  may  often 
be  activr-  for  oik;  particular  class  of  proti'id  only. 

In  order  tr>  study  tlie  f|ualitative  and  ([uantitative  jiowers  of  any 
given  bacterial  proteolyzing  enzyme  or  protease,  it  is,  of  course,  neces- 
sarj-  to  study  these  processes  in  pure  culture  in  tlie  test  tube  witli  media 
of  known  composition.  In  tlie  refuse  lieaj),  in  .sewage,  or  in  rotting 
excreta,  the  j)roce.ss  is  an  extreiueiy  complicated  one,  for  l)esides  the 
bacteria  which  attack  the  ])ioteid  nioleeuk^  itself,  (lieic  are  many  other 
species  su|)i>lementing  these  and  e.-ich  other,  one  sjx'cles  attacking  the 
more  or  less  complex  end-products  left  by  the  action  of  (he  others. 

Exactly  what  the  cliemical  i<'actions  are  which  take  place  in  these 
cleavages  is  not  entirely  clear.  It  is  l)e!i(>ved,  however,  that  most  of  the 
cleavages  are  of  an  hydrolytic  nature. 

In  general,  the  action  of  the  iiroteiil-sjilitting  ferments  is  comparable 
to  that  of  the  pancreatic  ferment  (I'yiisin,  and  they  ,'ire  most  often  active 
in  an  alkaline  environment.  They  differ,  ainonii  theni.selves,  chiefly  in 
th(  form  of  prot<'i<l  which  they  are  competent  to  attack,  and  in  the 
extent  to  whicli  they  are  idile  to  reduce  it  towai'd  its  simple  r.'tdicles. 

A  distinction  is  occasionally  made  between  the  terms  jnilri jnction 
and  deciii/,  the  former  being  u.sed  to  refer  to  the   decompo.sition  taking 
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place  under  anaerobic  conditions,  that  is,  in  the  absence  of  oxygen,  a 
process  usually  resulting;  in  incomplete  cleavage  of  the  proteid  medium; 
the  latter  being  used  to  signify  di'compusiliona  under  aerobic  conditions 
,  and  leading  to  a  more  complete  splitting,  the  end-products  often  being 
reprcsente<l  by  such  simple  conipounds  as  carbon  dioxide,  water,  and 
ammonia.  In  general,  the  products  of  putrefaction  are  largely  rer>re- 
scuted  by  the  amino-acids,  leucin  and  tyvosin,  fatty  acids,  mcrcaptan, 
iiidol,  and  skatol.  The  gases  generated  in  such  decomposition  are  largely 
made  up  of  CO,,  hydrogen,  Nil,  and  HjS.  The  coincident  presence, 
furthermore,  of  the  carbohydrate-splitting  bacteria  antl  of  {lenitrilying 
microorganisms  renders  the  actual  process  of  putrefaction  a  chaos  of 
many  activities  in  which  the  end-products  and  by-products  are  qualita- 
tively determinable  only  with  much  inexactitude,  and  which  com- 
pletely defies  any  attempt  at  quantitative  analysis. 

PlumairiH. — There  art>  certain  [jroduct-s,  however,  rcsulting  from  the 
proteolytic  action  of  bacterial  enzymes  upon  prot^^'ids  which  claim  more 
than  a  purely  chemical  interest  becau.ie  of  their  toxic  action  upon  the 
animal  organi.sm,  and  their  consi'quent  importance  a,s  incitants  of  dis- 
ea.sc.     Pm-cminent  among  these  arc  the  plonuiins.     The  word  ptornain 

I(fiom  r7<i>/(«,  a  dead  body)  is  used  to  designate  organic  chemical 
Compounds  produced  by  the  action  of  bacteria,  which  are  basic  in  char- 
acter; that  is,  arc  able  to  combine  with  an  ackl  to  form  a  salt.  They 
should  be  definitely  tiiatingui.shcd  from  the  so-called  Icucomains,  a 
term  employeil  to  designate  similar  substances  formed  in  the  course 
of  proteid  metabolism  within  the  animal  bofly,  an<l  not  bacterial  in 
origin.  Both  in  their  basic  charactera  and  in  their  nitrogt^nous  constitu- 
tion, the  ptcjmains  resemlde  the  vegetable  alkatoid.s,  and  for  this  reason 
are  sometimes  spoken  of  as  "  animal  alkaloids." 

The  ptomains  must  be  sliaqjly  tUstingtiLshcd  from  the  bacterial 
toxins,  which  are  prothu'ts  of  the  bacterial  growth  irrespective  of  the 
medium  in  which  they  are  grown,  except  in  so  far  as  this  hinders  or 
aljets  the  development  of  the  microorganisms.  Thus,  toxins  maj'  be 
developetl  by  iliphtheria  organisms,  for  instance,  in  proteid-free  media. 
.Vs  will  be  seen  in  a  sub.sequent  section,  the  true  toxin.s  are  comparable 

•to  the  enzymes  themselves,  rather  than  to  their  cleavage  products,  rcp- 
^esent*fl  in  this  instance  bj'  the  ptomains. 

A  great  number  of  ptomains   arc   chemically  known.      Many    <>f 

L these  po.s.se,ss  little  or  no  toxicity.  Others,  however,  like  putrescin 
(t^>tramethyK'nediamin,  C.HjjN,)  and  cadaverin  (CjHuNj)  are  very 
highly  poisonous.    It  is  to  one  or  another  of  these  ptomains  that  most 
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eases  of  so-called  meat  poisoning  (krcatoxismus) ,  cheese  poisoning 
(tyroloxiHnius) ,  or  vogt'tahlc  poisoning  (sitotoxismus)  are  due. 

In  each  individual  case  the  variety  of  ptomain  resulting  from  a  bac- 
t^'riul  decomposition  varies  witli  the  individual  speciea  of  microorganism 
taking  jjart.  in  the  process  and  with  the  nature  of  the  proteid  upon  which 
its  development  takes  place. 

In  breaking  down  iuiimal  excreta,  the  task  of  the  bacteria  Is  rather 
a  simpler  one  than  when  dealing  with  the  cadavers  themselves,  for  here  a 
part  of  the  cleavage  has  already  been  carried  out  either  by  the  destruc- 
tive processes  accompanying  metaliolism,  or  by  partial  decomposition  by 
bacteria  I>egmi  within  the  digestive  tract.  This  material  outside  of  the 
body  is  further  reduced  by  bacterial  enzjones  into  still  simpler  sub- 
stances, the  nitrogen  usually  being  liberated  in  the  form  of  ammonia. 
One  example  of  such  an  ammonifical  fermentation  may  Ix-  found  in 
the  case  of  the  urea  fermentation  by  Micrococcus  urea,  in  which  the 
cleavage  of  the  urea  takes  place  by  hydrolysis  according  to  the  follow- 
ing formida: 

(NH^,  CO  +  2H,  O  =  CO,  +  2NH,  +  H,  O 

Similar  nmmoniaca!  femientafions  are  carried  out,  though  perhaps 
acconling  to  le.-is  simple  formuhe,  by  a  large  number  of  microorganisms. 
Perhaps  the  most  common  species  which  possesses  the  power  is  the  group 
represented  l>v  B.  proteus  vulgaris  (Hauser). 

From  what  has  been  .said  it  follows  naturally  that,  so  far,  the  decom- 
position of  the  proteid  molecule  from  its  complex  structure  to  ammonia 
or  simple  ammonia  compounds  Ls  an  indispensably  important  function, 
not  only  for  agriculture,  but  for  the  miuntenance  of  all  life  processes. 
It  is  clear,  on  the  other  hand,  that  a  further  decomposition  of  ammonia 
compounds  into  forms  too  simple  to  be  utilizert  b}'  the  green  plants  would 
be  a  decittedly  harmful  activity.  .\nil  yet  thLs  is  brought  about  by  the 
so-called  denitrifying  bacteria  which  will  be  considered  in  a  subsequent 
section. 

Lab  Enzymes. — ^There  are  a  number  of  ferments  produced  by  bacteria 
which,  although  affecting  pmt^'ids,  can  not  properly  be  classified  with 
the  protctilytic  enzynies.  These  are  the  so-called  coaguhises  or  lab 
enzymes,  which  have  the  power  of  producing  coagulation  m  liquid  pro- 
teids.  Just  what  tlie  chemical  process  underlying  this  coagulation  is,' 
is  not  known.     If  Hammaraten's'  conclusions  as  to  the  hydrolytio 

•  Hammartten,  "Textbook  of  Physiol.  Chemistry,"  Tratialution  by  Mandel 
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rure  of  thr  i-limigcs  prodiicnl  1>y  llifiii  ntv  tnu',  thotfc  nizyiiics  are 
brought  iiilo  close  rclatiuushij*  (u  tlic  prutculyzr-rs,  silthuugli  a  cuiigulji- 
tioii  can  hardly  be  regarded  as  a  truf  katubolic  process.  In  milk  where 
the  lab-action  becomes  evident  l)y  preeipitaticn  of  etiscin,  a  strict  dif- 
ferentiation must  1x1  7nadf  between  this  coagulation  and  that  brought 
about  by  acids  or  alkalies.  In  the  former  case,  casein  is  not  only  pre- 
cipitated and  converted  inlfl  para(fi>sein ,  but  is  actually  changed  so  that 
when  redissolvetl  it  Ls  no  longer  precipitated  by  lab.' 

Coagulating  enzymes  for  milk  proteids,  blood,  and  other  proteid 
solutions  are  produced  by  a  large  variety  of  bacteria.  They  have  been 
observed  in  cultures  of  the  cholera  vibrio,  U.  proiligio.sus,  B.  pyocyoneus, 
and  several  others.' 

The  lab  enzymes  are  easily  destroyed  by  temperatures  of  70°  C.  and 
over,  and  are  verj'  susceptible  to  excessive  aeiiiity  or  alkalinity. 

Fat-Splitting  Enzjrmes  {Lipase}. — The  fat-.splitting  powers  of  bac- 
teria have  been  le.ss  studied  than  some  of  the  other  bacterial  func- 
tions and  are  correspondingly  more  obscure.  It  is  known,  nevertheless, 
that  the  proce.«is  is  due  to  an  enzyme  and  that  it  is  probably  hydrolytic 
in  nature.  The  following  formula  repre.s</nts  the  simplest  method  in 
which  some  of  the  molds  and  bacteria  produce  cleavage  of  fats  into 
glycerin  and  fatty  acid. 

C  H,  (C„  H„..  0^,  +  3H,  O  =  C,  H,  (OH^  +  3C„  H^  O, 

Glycerin         Fatty  acid 

Some  of  the  bacteria  endowed  with  the  power  of  producing  lipase 
are  the  spirillum  of  cholera,  B.  fiuorescens  liquefaciens,  B.  prodigiosus, 
B.  pyocyaneus,  Staphylococcus  pyogenes  auix;us,  and  some  meml)ers  of 
the  streptothrix  family.  The  methods  of  investigating  this  function  of 
bacteria,  originated  by  Ejkmann,"  consists  in  covering  the  bottom  of  a 
Petri  dish  with  tallow  and  pouring  over  this  a  thin  layer  of  agar.  Upon 
this,  the  bacteria  arc  planted.  Any  diffusion  of  lipase  from  the  bacterial 
colonies  becomes  evident  liy  a  fonnation  of  white,  opaque  spots  in  the 
tallow.  Carrit're'  wius  able  to  demonstrate  a  fat-splitting  ferment  for  the 
tubercle  bacillus.  Apart  from  the  importance  of  these  enzymes  in 
nature  for  the  destrui^tion  of  fats,  they  are  industrially  important  be- 

'  Oppenheimer,  "  Die  Fertnente  u.  ihre  Wirkuiig,"  Leipzig,  1903. 

•  Tarini,  Atti  dei  laborat.  d.  sanita.  Romp,  1S90. 
«  Ejknuinn,  Cent.  f.  Bukt.,  I,  xxix,  1901. 

♦  Carri^e,  Comptea  rend,  dp  la  soc.  <le  biol.,  53,  1901. 
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cause  of  their  action  in  rendering  butter,  milk,  talluw,  and  allied  prod- 
ucts rancid,  and  are  medically  of  interest  for  their  action  upon  fats  in 
the  intestinal  canal. 

Ensjones  of  Fermentfttion  {The  Cleaiyat/c  of  Cfirbohi/drates  by  Bacteria). 
— The  power  to  assimilate  carbon  dioxide  from  the  atmosphere  is 
possessed  only  by  the  green  plants  and  some  of  the  colored  alga*, 
and  the  sulphur  or  Thiobacteria.  AH  other  living  beings  are  thus 
dependent  for  their  supply  of  carbon  upon  the  synthetic  activities 
carried  on  by  these  plants  to  the  same  degree  in  which  they  are  de- 
pendent upon  similar  processes  for  their  nitrogen  supply.  The  return  of 
this  carbon  to  the  atmosphere  is,  of  course,  brought  about  to  a  large  ex- 
tent by  the  respiratory  processes  of  the  higher  animals.  The  carbon, 
which,  together  with  nitrogen,  forms  a  part  of  proteid  combinations,  is 
freed,  as  we  have  seen  in  a  previous  section,  by  the  processes  of  proteid 
cleavage.  That,  however,  which  is  inclosed  in  the  carbohydrate  mole- 
cule, is  set  free  by  the  action  of  yeasts,  molds,  or  bacteria,  by  an  enzy- 
matic process  .simiia.'  in  every  respect  to  that  described  above  for  the 
process  of  proteid  cleavage. 

Fermentatio.n. — The  power  of  carbohj'dratc  cleavage  is  possessed 
by  a  large  number  of  the  yeasts  and  bacteria.  The  process,  as  has 
been  indicated,  is  of  great  importance  in  the  cycle  of  carbon  compounds 
for  the  return  of  carbon  to  its  simplest  forms,  and  is,  furthermore,  aa 
will  be  seen  in  a  later  section,  of  great  utility  in  the  industries.  In  each 
case  the  power  to  split  a  particular  carbohydrate  is  a  more  or  loss  specific 
characteristic  of  a  given  species  of  microorganism,  and  for  this  reason 
has  been  extensively  used  as  a  method  for  the  biological  differen- 
tiation of  bacteria.  In  the  course  of  much  careful  work  upon  this 
question  it  has  been  :iscertained  that  the  specific  carbohydrate-splitting 
powers  of  any  given  sjjccies  are  constant  and  unchanged  through 
many  generation's  of  artificial  cultivation.  Thus,  difTerentiation  of  the 
(i ram-negative  bacteria,  tlie  members  of  the  pneumococcu.s-streptococ- 
eus  group,  and  the  diphtheria  group, can  now  largely  be  niatlc  by  a  study 
of  their  sugar  fermentations. 

In  most  of  these  cases,  as  far  as  we  know,  the  cleavage  is  produced  by 
a  process  of  hydrolysis.  A  convenient  nomenclature  which  has  been 
adopted  for  the  designation  of  these  ferments  is  that  which  employs  the 
name  of  the  converted  carbohydrate  adding  the  suffix  "ase"  to  indicate 
the  enzyme.  There  are  thus  ferments  known  as  amylase,  cellulase,  lac- 
tase, etc. 

Amylase    {Diastase   or  Amylolylic  Ferment). — Amylases  or  starch- 
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splitting  enzymes  are  formed  by  many  plants  (malt)  ami  by  animal 
organs  (pancreas,  saliva,  liver).  Among  microorganisms  amylase  is 
produced  by  many  of  the  streptothrix  group,  by  the  spirilla  of  Asiatic 
clioiera  and  of  Finklcr-Prior.  by  B.  anthracis,  and  many  other  bacteria. 
A  large  number  of  the  bacteria  found  in  the  soil,  furthermore,  have 
b<vn  shown  to  produce  amylases.  By  cultivating  bacteria  upon  starch- 
agar  plates,  amylase  can  be  readily  demonstrated  by  a  clearing  of  the 
medium  inrniediatt-lj'  surrounding  the  eolonicB.' 

Since,  of  course,  there  arc  several  varieties  of  starches,  it  follows  that 
the  exact  chemical  action  of  amyla.se  differs  in  individual  cases.  The 
determination  of  the  structural  di.sintfgnition  of  .starch  by  these  fer- 
ments is  fraught  with  much  difficulty,  owing  to  the  polymeric  constitu- 
tion of  the  starches.  Primarily,  however,  a  cleavage  lakes  place  into 
a  disaccharid  such  as  maltose  (hexobiosc) ,  and  the  non-reducing  sugars 
and  dextrin.  Bej'ond  this  point,  however,  the  further  cleavages  are 
^subject  to  much  variation  and  are  not  entirely  clear.  The  dcxtrins 
ipon  further  reduction  yield  eventually  dextrose. 

Celluinse. — Ct^lluJosc  is  fermented  by  a  limited  number  of  bacteria, 
lost  of  them  anaerobes.  The  chemical  process  by  which  this  takes  place 
but  poorly  understood.' 

Gelase. — .\n  agar-splitting  ferment  haa  been  found  by  Gran.' 

Inrerttuse. — The  enzymes  which  hydrolytically  cause  cleavage  of 
^«accharose  into  dextrose  and  levulosc  an?  numerous.  The  chemical 
process  takes  place  according  to  the  following  formula: 


k 


C„H„0,.  +  H:0  =  C.H„0. +  C.H„0, 


Saccharose 


Dextrose       Levulooe 


Invertase  is  produced  by  many  of  the  yeasts.     It  is  one  of  the  most 
common  of  the  enzymes  produced  by  bacteria,  and  has  been  found  in 
cultures  of  B.  megatherium,  B.  subtilis,  pneumococcus,  some  strepto- 
cocci, B.  coli,  and  many  others.     Invertase  is  usually  very  susceptible  to 
^bicat,  b<*ing  destroyed  by  temperatures  of  70°  C.  and  over.     A  slightly 
^■acid  reaction  of  media  abets  the  inverting  action   of  these  enzj-mes. 
^Kfitrong  aci<ls  and  alkalies  inhibit  them.     Inverting  enzymes  may  be 
^Bprecipitated  out  of  solution  by  alcohol.    Antiseptics  even  in  weak  con- 
^^centrations  will  inhibit  their  action. 


>  Ejkmann.  Cent.  f.  Bakt..  xxix,  1901.  and  xxxv,  1904. 

'Omriinniiki,  Lafar's  "  Hamlb,  d.  tfchn.  Mykologie,"  Bd.  iii.  Chap.  9, 

*  Grati.  Bergens  Miueum  Aarbog,  1902,  lift.  I. 
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.  Lactase. — Lactose-splitting  ferments  are  extremely  common  both 
among  bacteria  and  among  the  yeasts.  The  process  is  here  again  a 
hycirolytic  cleavage  resulting  in  the  formation  of  the  monosaccharids 
as  dextrose  ami  galactose. 

Mallase. — A  malto-se-splitting  ferment  has  also  been  found  in  the 
cultures  of  many  bacteria,  leading  to  the  formation  of  dextrxjse. 

Lactic  Arid  Fermentation. — Lactic  acid  (uxyproprionic  acid,C,H,  O^ 
is  one  of  the  most  common  substances  to  appear  among  the  prod- 
ucts of  bacterial  activity,  both  in  media  containing  carbohydrates 
and  in  those  consisting  entirely  of  albuminous  substances.  In  most  of 
these  cases,  the  lactic  acid  is  formed  merely  aa  a  by-product  accom- 
panying many  other  more  comph'cated  chemical  cleavages.  In  some 
instances,  however,  lactic  acid  is  produced  from  carbohj'drates,  both 
disaccharids  and  monosaccharids,  aa  an  almost  pure  product  due  to  a  ■ 
specific  bio-chemjca!  process.  The  reactions  taking  place  in  this  phenom- 
enon may  be  briefly  expressed  according  to  the  following  formulae: 

C„  Hj,0,,  +  H5  0=    4C,  H,  O, 
Lactose  Lactic  acid 

or 

C.I1„0„  =  2C,H,0, 

Dextrose     Lactic  acid 

In  the  same  way  lactic  acid  may  be  produced  by  bacteria  from  levu- 
lose. 

Examples  of  lactic  acid  formation  arc  furnished  by  the  streptococcus 
lacticus,  and  B.  lactLs  aerogcnes.  In  the  case  of  the  former,  the  fer- 
mentation may  indeed  proceed  by  the  simple  chemical  process  indi- 
cated in  the  forraulre.  since  the  action  of  the  bacillus  is  entirely  unac- 
companied by  the  evolution  of  gas. 

Numerous  other  bacteria  produce  large  amounts  of  lactic  acid  from 
lactose,  possibly  by  chemical  processes  less  simply  fommlated.  Among 
these  are  bacilli  of  the  colon  group,  B.  prodigiosu.s,  B.  proteus  vulgaris, 
and  many  others.  Although  lactic  acid  is  usually  the  chief  product  in 
the  bacterial  fermentation  of  the  simpler  carbohydrates,  acetic,  formic, 
and  butyric  acids  may  often  be  found  as  by-products  in  variable 
amounts.' 

Oxi/dafies  {Oxijdizinfi  Enzt/mex). — ^The  most  common  example  of 
oxidation  by  means  of  bact<>rial  fenTients  is  the  production  of  acetic  acid 


Buehner  und  Mei*enhnmer,  Ber.  d  Deut.  chem.  Gesellsch.,  xxxvi,  1903. 
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m  weak  solutionH  of  ofhyl  nlculinl.    Tliis  (jroco.ss,  which  is  the  btusis  of 
gar  production,  is  uiiivfi-sally  ciirrii'tl  out   by  bacteria!  fortuouts. 
hilc  possessed  to  some  extent  by  a  consitlcnible  number  of  microorgaii- 
8,  acetic  acid  formation  is  a  function  pre-oniiriontly  of  the  bacterial 
descrilx-d  by  Hansen,  including  "Bacterium  aceti"  and  "Bac- 
terium pasteurianum."    To  these  two  original  groups  a  number  of  others 
ve  since  been  added. 

The  organisms  are  short,  plump  bacilh,  with  a  tendency  to  chain- 
'ormation,  and  occasionally  showing  characteristically  swollen  centers 
and  manj-  irn'gular  involution  fonns.  In  the  production  of  vinegar,  as 
generally  practiced  Ijy  the  fanner  with  cider  or  wine,  these  bacteria 
accumulate  on  the  surface  of  the  fluid  aa  a  pellicle  or  scum  which  is 
f>opularlj'  known  aa  the  "  mother  of  vinegar."  Destruction  of  these 
bacteria  by  disinfectants  or  by  sterilization  with  heat  promptly  arrests 
the  process  of  vinegar  formation.  Chemically,  the  conversion  of  the 
alcohol  consi.sts  in  a  double  oxidation  through  ethyl  aldehyde  into  acetic 
acid  as  shown  in  tlie  following  formulie : 

1.  C,Hs  (OH)  +  O  =  CH,  (COH) 
.\lcohol  Ethyl  aklehyde 

2.  CH,  (COH)   +  O  =  CH,  (COOH) 
Acetic  acid 

Akoholic  Fermenlalwn  {Zymase). — The  formation  of  alcohol  as  an 

product  of  fermentation  is  of  great  importance  in  a  number  of  the 

idustries,  primarily  in  the  production  of  wine  and  Iwer.    While  accom  - 

plished  by  a  number  of  bacteria,  this  form  of  fermentation  is  carried 

'out  chiefly  by  the  yeasts. 

Expressed  in  fonnula?  the  simplest  varieties  of  alcoholic  fermenta- 
tion, from  mono-  and  disaccharids,  may  be  represented  as  follows: 

C,H.,0,  =  2C,H.  (OH)  +2  CO, 
Dextrose  Ethyl  alcohol 


C„H„0„ +  H,0 
Saccharose 


4C,H,(0H)  +  4C0, 
Ethyl  alcohol 


cases  the  process  may  not  lx>  so  simple  as  indicated  by  the  equn- 

lions,  since   by-products,   such   as   higher   alcohols,  glycerin,  succinic 

[id  acetic  acids,  ma)'  often  be  found  in  small  traces  among  the  end- 

sroducts  of  such  fermentations.    The  conditions  which  favor  alcoholic 
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fermentation  by  the  yeasts  are  extremely  important,  since,  upon  obser- 
scrvanco  of  these,  depends  mueh  of  the  uniformity  of  result  whirh  is  so 
desirable  in  the  industries  mentioned  above.  The  optimum  eoneentra- 
tion  of  sugar  for  the  production  of  the  highest  quantity  of  alcohol  is  at 
or  about  25  per  rent.  The  lemperature  favoring  the  process  ranges 
about  'iO°  C.  Under  such  conditions  fermentation  may  continue  until 
the  alcohol  forms  almost  a  20-per-cent  solution.  Most  of  the  fermenta- 
tions important  in  the  wine,  beer,  and  spirit  industries,  take  place  under 
anaerobic  conditions,  since  the  earlron  dioxide  which  is  formed  soon  _ 
shuts  out  any  excess  of  air.  f 

In  the  industrial  employment  of  yeasts  for  femientative  puipo.ses,  it 
is  necessary  to  work  with  specific  strains,  and  in  scientifically  conducted 
vineyards,  breweries,  and  distilleries  the  study  and  pure  cultivation  of 
the  yeasts  fonn  no  unini[)ortant  part  of  tlie  work.  Certain  races  of  yeasts 
are  more  unifonn  in  their  fermentative  powers  than  othere,  and  the  by- 
products formed  by  some  races  differ  sufficiently  from  those  of  other 
races  to  cause  mat<>rial  differences  in  the  resulting  substances.  In  the 
wine  industries,  the  yeasts  differ  much  from  one  another  accoRling  to 
climatic  and  other  environmental  eonditinn.s.  In  vineyards,  natural 
inoculation  of  the  grapes  occurs  by  transj>ort.ation  of  the  yca.st  from 
the  soil  to  the  surface  of  the  grapes  by  wasps,  bees,  or  other  insects, 
through  whose  alimentary  canals  the  microorganisms  pass  uninjured. 
In  the  autumn  the  yeast  is  returned  to  the  soil  lij'  falling  Iwrries  and 
remains  alive  in  the  upper  layers  of  the  ground  throughout  the  winter 
months.  In  actual  practice  thi.s  natural  yeast  inoculation  is  not  de- 
pended upon,  but  pure  cultures  of  artificially  cultivated  yeasts  are 
employed  for  inoculation.  In  some  of  the  wine-growing  countries  these 
are  supplied  by  special  government  experiment  stations. 

Denitrifying  Bacteria. — Nitrogen  is  mf>st  readily  absorl>ed  by  plants 
in  the  form  of  nitrates.  These  are  furnished  to  the  soil  chiefly  by  the  > 
proteid  decomposition  induced  by  the  proteolytic  bacterial  enzymes.  I 
It  is  self-evident,  therefore,  that  any  cleavage  which  reduces  nitrog- 
enous matter  beyond  the  stage  of  nitrates,  to  nitrites  antl  ammonia, 
detracts  from  the  value  of  the  nitrogen  as  a  fooil  stuff  for  plants, 
ami  the  eventual  setting  free  of  nitrogen  in  the  elementarj'  state  ren- 
ders it  entirely  valueless  for  any  but  the  leguminous  plants. 

Nevertheless,  this  process  of  nitrogen  waste  or  denitrification  is 
constantly  going  on  in  nature.  In  the  coui-se  of  ordinaiy  decomposition, 
there  is  a  constant  induction  of  nitrogenous  matter  to  nitrites  and  salts 
of  ammonia,  actively  taken  part  in  by  a  host  of  bacteria,  as  many  as 
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85  out  of  109  investigated  by  Maassen  '  being  found  to  possess  this  power. 
This,  however,  is  not  nearly  so  harmful  a  source  of  nitrogen  waste  as 
the  process  technically  spoken  of  as  tnic  denitrification,  in  which 
nitrates  arc  retluced,  through  nitric  and  nitrous  oxides,  to  clemcntarj' 
nitrogen. 

This  phenomenon,  more  widely  spread  among  bacteria  than  at  first 

believed,  depends  es.scntially  upon  simple  o.xygen  extraction  from  the 

nitrates  by  the  bacteria,  and  for  this  reason  goes  on  most  actively  when 
Lthe  supply  of  atmospheric  oxygen  Ls  low.  The  first  bacteria  described 
las  possessing  this  power  of  denitrification  weit"  the  so-<:alled  B.  denitri- 
fficans  I  and  II,  the  fir.st  an  obligatory  anaerobe,  the  other  a  facultative 
ijrobc.  Since  then  numerous  other  bacteria,  among  them  B.  coli  and 
VB.  pyocyaneus,  have  been  shown  to  exhibit  sinular  activities.  It  is 
[important  agriculturally,  therefore,  to  know  that  many  species  which 
lare  able  to  utilize  atmospheric  oxygen  when  supplied  with  it,  will  g?t 
[their  oxygen  by  the  reduction  of  nitrates  anil  nitiitcs  when  free  oxygen 
[is  withheld.  It  is  thus  clear  that  a  loss  of  nitrogen  is  much  more  apt 
I  to  proceed  rapidly  in  manure  heaps  which  are  piled  high  and  poorly 
[aerated.    There  are  other  factors,  however,  in  regard  to  the  physi- 

jlogy  of  these  microorganisms,  which  must  be  consiilercd  for  practical 
Ipurposes. 

In  order  that  these  bacteria  maj'  develop  their  ilcnitrifying  powers 
Ito  the  best  advantage,  it  is  necessary  to  supply  them  with  some  carbon 
[comp<iund  which  is  easily  absorl>ed  by  them.  This,  in  decomposing 
[material,  is  furnished  by  the  products  of  the  carbohydrate  cleavage 
fgoing  on  side  by  side  with  the  proteulytic  procc.-wes.  It  is  still  more 
[or  less  an  open  question  whether  the  facilitation  of  denitrification 
[brought  about  in  manure  heajjs  by  the  presence  of  hay  and  straw  is  due 
[to  the  carbon  funiished  by  these  materials,  or  whether  it  Ls  due  to  the 
[fact  that  bacilli  of  this  group  are  apt  to  adhere  to  the  straw  which  acts 
I  in  that  case  as  a  means  of  inoculation. 

The  actual  danger  of  nitrogen  dejiletion  of  the  soil  by  denitrifyitig 
[processes  is  probably  nmch  less  threiiteniag  than  was  forjncrly  .supposed; 
[for,  in  the  first  place,  the  conditions  fr>r  complete  denitrification  arc 
» much  more  jx-rfcct  in  the  experiment  than  they  ever  can  be  in  nature, 

anil  the  nitrifying  processes  going  on  side  by  side  with  dimitrification 

make  up  for  nmch  of  the  loss  sustained. 


'  Maanen,  Arb.  a.  d.  kuis.  (IcMinilhcitannf.,  I,  xxviii.  1901. 
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Nitiog^en  Fixation  by  Bacteria. — The  constant  withflrawiil  of  nitroge- 
nous Hiiltstant-cs  from  the  soil  bj'  innumerable  plants  would  soon  lead  to 
total  ik'pletion  were  it  not  for  certain  forces  continually  at  work  re- 
plenishing the  supply  out  of  the  large  store  of  fiee  nitrogen  in  the  atmos- 
phere. This  important  function  of  ix'tuming  nitrogen  to  the  soil  in 
suitable  form  for  con.sumj)tion  by  the  plants  is  performed  largely  by 
t)arteria. 

It  is  well  known  that  specimens  of  agricultural  soil  when  allowed  .to 
stand  for  any  length  of  time  without  further  interference  will  increase 
in  nitrogenous  content,  but  that  similar  specimen.^,  if  sterilized,  will 
show  no  such  increase.'  The  obvious  conclusion  to  be  draw7i  from  this 
phenomenon  is  that  some  living  factor  in  the  unsterilized  soil  has  aided 
in  inerea.sing  the  nitrogen  supply.  Liglit  wa.s  thrown  upon  this  problem 
when  Winogradsky,'  in  LS93,  discovered  a  microorganism  in  soil  which 
possessed  the  pfjwer  of  a.ssimilating  large  quantities  of  nitrogen  from 
the  air.  This  bacterium,  which  he  named  "  Clostridium  Pasteurianum," 
is  an  obligator)'  anaerobe  which  in  nature  always  occurs  in  symblosifl 
with  two  other  facultatively  aniierobic  microorgani.sms.  In  sym- 
biosis with  these,  it  can  be  cultivated  mider  jierobic  conditions  and  thus 
grows  readily  in  the  upper  well-aerated  layers  of  the  soil. 

Although,  until  now,  no  other  bacteria  with  equally  wellHieveloped 
nitrogen-fixing  powers  have  been  discovered,  yet  it  is  more  than  likely 
that  Clostridium  Piusteurianum  is  not  the  only  microorganism  endowed 
with  this  function.  In  fact,  Penicillium  glaucum  and  .Aspergillus  niger, 
two  molds,  arid  two  other  bacteria  described  by  \\'inogradsky,  have  been 
shown  to  po-sse-sj?  this  power  .slightly,  but  in  an  inconj()arably  less  marked 
degree  than  (Clostridium  Pa-steurianum.^  According  to  the  calculations 
of  Sachse,*  unst«rilii!cd  soil  may,  under  experimental  contiitions,  gain 
as  much  as  25  milligrams  of  nitrogen  in  a  season,  a  statement  which 
permits  the  calculation  of  a  gain  of  twelve  kilograms  of  nitrogen  per 
atre  annually.' '  It  is  very  unlikely,  however,  that  such  gains  actually 
wcuT  in  nature,  where  nitrogen-fi.xation  and  nitrogen-loss  usually 
occur  side  by  side. 

•  Barthdol,  Compt.  rend,  de  la  soc.  do  biol.,  exvi,  1893. 

>  WiruMfnulnkit.  Compt.  rpn.i.  dc  la  soc.  <ln  hiol.,  «tvi,  1893,  ibid.,  t.  cxviii,  1894. 

'  Tackr.  Landwirtsoli.  Jahresbcr.,  xviii,  1889. 

*Sac)uK,".Kf^.  Chem.."  1883. 

*PMrT.  PflUgera  Physiologie,  p.  395. 
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Agriculturally  of  even  greater  iinpoitanrc  than  1  he  free  nitrogen- 
ixing  bacteria  of  the  soil  are  the  bacteria  found  in  the  root  tubercles  of 
,  class  of  plants  known  as  "leguniinorfse."  It  has  long  been  known  that 
khia  class  of  plants,  including  clover,  i)cas,  beans,  vetch,  etc. ,  not  only  does 
lot  withdraw  nitrogen  from  the  soil,  but  rather  tends  to  enrich  it.  Upon 
this  knowledge  has  depended  the  well-known  method  of  alternation  of 
|crops  employed  by  farmers  the  world  over.  The  actual  reason  for  the 
eneficial  influence  of  the  leguminosae,  however,  was  not  known  until 
11887,  when  Hcllriegel  and  Wilfarth  '  succeeded  in  demonstrating  that 
(the  nitrogen-accumulation  w:is  iIiRTtly  related  to  the  root  tubercles  of 
[the  plants,  and  to  the  bacteria  contained  within  them. 

These  tubercles,  which  arc  extremely  numerous — as  many  as  a 
thousand  sometimes  occurring  u])on  one  and  the  same  plant — are  formed 
\>y  the  infection  of  the  roots  with  bacteria  ishich  probably  ent-cr  through 
the  delicate  root-hairs.  They  vary  in  size,  arc  usually  situated  near  the 
iiain  root-stem,  and,  in  appearance,  are  not  unlike  fungus  growths. 
Their  development  is  in  many  respects  comparable  to  the  develop- 
nent  of  infliunmatorj*  granulations  in  animals  after  infection,  inas- 
luch  as  the  formation  of  the  tubercle  is  largely  due  to  a  reactionary 
lyperplasia  of  the  plant  tissues  themselves.  They  appear  upon  the 
ings  within  the  first  few  weeks  of  their  growth  as  small  pink 
!ules,  and  enlarge  rapidly  as  the  plant  grows.  At  the  same  time, 
iter  in  the  season,  when  the  plants  bear  fruit,  the  root  tubercles  begin 
*to  shrink  and  crack.  When  the  crops  are  harvested,  the  tubercles  with 
[the  root  remain,  rot  in  the  ground,  and  re-infect  the  soil. 

Histologically  the  tubercles  are  seen  to  consist  of  large  root  cells 
|which  are  densely  crowded  with  microorganisms. 

The  niicroorganLsm  it.self,  "  Bacillus  radicicola,"  was  first  observed 
l"within  the  tubercles  by  Woronin  *  in  l.SCC.  The  bacilli  are  large,  slender, 
land  actively  motile  during  the  early  development  of  the  tubercles,  but 
liu  the  later  stages  assume  a  number  of  characteristic  involution  fonns, 
Icommonly  spoken  of  as  "  hacteroiils."  They  become  swollen,  T  and  Y 
|shapcd,  or  branching  and  threadlike.  Their  isolation  from  the  root 
tubercles  usuallj'  presents  little  flifficulty,  since  they  grow  readily  upon 
Igelatin  and  agar  under  strictly  aerobic  conditions.  On  the  artificial 
ine<iia  the  bacillary  form  is  usually  well  retained,  involution  forms 
Lappearing  only  upon  old  cultures. 


'  HeUriegel  und  WH/arth,  Cent.  f.  Bakt.,  1887. 
'  Woronin,  Bot.  Zeit.,  xxiv,  1866. 
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Root  tuberclcfl 
present 

No  root  tubercles. 
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The  classical  experiments  of  Hellriegcl  and  Wilfarth  conclusively 
demonstrated  the  important  relation  of  these  tubercle-bacteria  to  nitro- 
gen assimilation  \>y  the  lot;inninosa?. 

These  observers  cultivated  viirious  members  of  this  group  of  plants 
upon  nitrogen-free  soil — sand — and  prevented  the  formation  of  root 
tubercles  in  some,  by  sterilizntiun  of  the  sand,  while  in  others  they 
encouraged  tubercle  formation  by  inoculation.  An  example  of  their 
results  may  \xi  given  as  follows:  ' 

Lupinus  luteus  was  cultivated  upon  sterih'zed  sand.  Some  of  the 
pots  were  inoculated  with  B.  radicicoht,  othera  wen?  kept  sterile.  Com- 
parative analyses  were  made  of  the  plants  grown  in  the  different  pots 
with  the  following  .striking  result: 

IlnrL-csletl 

dry  weight  N.  present 

J    (a)   38.919  ,998 

I    (b)   33.755  .981 

J     (c)     0.989  .016 

I    (d)     0.828  .011 

The  ^reat  importance  of  this  process  in  agriculture  is  demonstrated, 
furtliermore,  by  a  compari.son  made  by  the  same  obser\'ers  between  a 
legume,  the  pea,  and  one  of  the  common  nitrogen-<'onsuming  crops, oats.' 

Nitrogen  contents  Nitrogen  contents 

of  seed  and  soil.  of  crop.  Gain  or  loss. 

Oatfl  0.027  grams  0.007  grama  —.020 

Peas  0.038     "  0.459      "  +  .-Jil 

Exactly  what  the  process  is  by  which  the  bacteria  supply  nit^rogen  to 
the  plant  is  as  yet  uncertain.  Although  the  degenerating  bacteroids  in 
old  nodules  are  bodily  absorbed  by  the  plant,  this  can  not  be  con- 
ceived as  the  only  method  of  supply,  .since  the  total  nitrogen  gain  many 
times  exceeds  the  total  weight  of  bacteria  in  the  nodules.  It  is  probable 
that  the  microorganisms  during  life  take  up  atmo.spheric  nitrogen  and 
secrete  a  nitrogenous  substance  which  is  absorbed  by  the  plant  cells. 

Although  formerly  the  relationship  between  plant  and  bacterium 
was  regarded  as  one  of  symbiosis  and  of  mutual  benefit,  the  ojiinions  a:s 
to  this  subject  show  wide  divergence.  \\'hilc,  according  to  some  authors, 
the  entrance  of  the  bacteria  into  the  plants  is  regaitled  as  a  true  in- 
fection against  which  the  plant  offers  at  first  a  determined  opposition  as 
evidenced  bj' tissue  reactions,  other  obseiwers,  notably  A.  Fischer,  regard 

^PfefftT,  "  Plaoeenphysiologic."  Leipzig,  1897. 

>  Ilcllrirgel  und  Witfarlh,  Zoit.  d.  Ver.  f.  i).  Rul>C'ru6uckor  Industrie,  1888.  Quoted 
from  Fischer,  "  Vorles,  liber  die  Bakt,,"  Jena,  J90i 
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tbo  plant  iui  a  parasite-  upuii  tlic  hacti-ria,  in  that  it  derives  tliu  sole 
benefit  from  the  relationship  and  eventually  bodily  eonyumes  its  host. 
Nitrifying  Bacteria, — A  pn)cp.s,s  diainetrii-aliy  ojiposi'd  in  its  chem- 
istrj'  to  dcnitrification  and  rt'duction  is  that  which  brings  about  an 
oxidation  of  ammonia  to  nitrites  and  nitrates.  The  actual  increase 
of  nitnitf.s  in  .soil  allowed  to  Mlaiid  for  any  len^cth  of  time  and  examined 
from  time  to  time  has  been  a  well-established  fact  for  ninny  years;  but 
it  was  believed  until  a  comparatively  .short  time  ago  that  this  increase 
W!is  due  to  a  simple  chemical  oxidation  of  anuiionia  l>y  ntmospheric  oxy- 
gen. The  dependence  of  nitrification  upon  the  pre.sence  of  living  organ- 
isms was  finally  proved  by  Muntz  and  Schlossing  '  in  1SS7,  who  demon- 
strated that  nitrifieatiun  was  abruptly  .'^topped  when  the.  soil  was 
sterilized  by  heat  or  antiseptics.  It  remained,  however,  to  isolate  and 
identify  the  organisms  which  brought  about  this  ammonia  oxidation. 
This  la.st  step  in  our  knowledge  of  nitrificalion  was  taken  in  ls;K),  by 
Winogradsky.  Wiiiogradsky  *  found  that  tiie  failures  experienced  by 
others  who  had  attempted  to  isolate  nitrifying  bacteria  were  due  to  the 
fact  that  they  had  used  the  common  culture  media  largely  made  up  of 
organic  substances.  By  using  culture  media  containing  no  organic 
matter  Winogradsky  succeeded  in  isolating  free  from  the  soil,  bacteria 
which  have  since  that  time  been  confirnu'd  as  being  the  causative  factors 
m  nitrification.  During  his  first  ex[K>riments  this  author  observed  that 
in  some  of  his  cultures  the  oxidation  of  ammonia  went  only  as  far  as  the 
stage  of  nitrite  fonnation,  while  in  others  complete  oxidation  to  nitrates 
took  place.  Following  the  clews  iiulicated  by  this  tiisciepancy,  he 
finally  succeeded  in  demon.strating  that  nitrification  is  a  double  process 
in  which  two  entirely  different  varieties  of  microorganisms  take  ]>art, 
the  one  capable  of  oxidizing  ammonia  to  nitrites,  the  other  continuing 
the  proce.ss  and  converting  the  nitrites  to  nitrates.  The  nitrite-forming 
bacteria  discovered  by  Winogradsky,  and  named  Nitromonas  or  N'itro- 
somonas,  are  easily  cultivated  upon  aijucous  solutions  containing  am- 
monia, potas-sium  sulphate,  and  magnesiiun  carbonate.  According  to 
their  discoverer  they  <levelnp  within  a  week  in  this  ineflium  as  a  gelat- 
inous sediment,  .\fter  further  growth  this  sediment  seems  to  break 
up  and  the  bacteria  appear  as  oval  bodies,  which  swim  actively  about 
and  develop  flagella  at  one  end.  Upon  the  solid  media  in  orrlinan,-  u-se 
they  can  not  be  cultivated.'    Special  .solid  media  suitable  for  their  cul- 

'  Munti  iind  Sfhlotuing,  (\impt .  rend,  dp  I'aca  I.  <ics  scifinces,  1887. 
*Winograd»ky,  Ann.  Past.  Inst.,  iv  and  v,  18U0,  1891. 
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tivation  and  composed  of  silicic  acid  and  inorganic  salts  have  been 
described  by  Winogradsky  and  by  Omcliausky.' 

Other  nitrite-fomiing  bacteria  have  .since  been  described  by  various 
observers,  all  of  them  more  or  less  limited  to  definite  localities.  Some 
of  these  are  similar  to  nitro.somonas  in  that  they  exhibit  the  flagellated, 
actively  motile  stage.    In  others  this  stage  is  absent. 

The  nitrite-forming  bacteria,  apart,  from  their  great  agricultural  im- 
port-ance,  claim  our  attention  beeau.se  of  their  unique  position  in  rela- 
tion to  the  animal  and  vegetable  kingdoms.  Extremely  sensitive  to 
the  presence  of  organic  compounds,  they  arc  able  to  grow  and  develop 
onl}'  upon  media  containing  nothing  but  inorganic  material;  anrl  this 
entirely  without  the  aid  of  any  substances  comparable  to  the  chlorophyll 
of  the  green  plants.  The  source  of  energj-  from  which  this  particular 
cla.ss  of  bacteria  derive  the  power  of  building  up  organic  compounds 
from  simple  substances  is  to  some  extent  a  mystery.  The  carbon 
which  they  unquestionably  require  for  the  building  up  of  organic  mate- 
rial may  lie,  as  Winogradsky  believed,  derived  to  a  certain  extent  from 
ammonium  carlwnate.  But  it  is  also  quite  certain  that  they  are  capable 
of  utilizing  directly  atmospheric  COj.  In  the  absence  of  chlorophyll 
or  of  any  highly  organised  chemical  compound,  it  seems  likely  that 
the  energj'  necessarj'  for  the  utilization  of  the  carbon  obtained  in  this 
simple  form  is  derived  from  the  oxidation  of  ammonia  during  the  proc- 
ess of  nitrification. 

The  conversion  of  nitrites  into  nitrates  is  carried  on  by  other  species 
of  bacteria  also  discovered  by  Winogradsky.  Those  bacteria  are  much 
more  generally  ilistributeil  than  nitrosomonas  anti  probably  include  a 
numl>er  of  varieties.  The  organLsm  described  by  Winogradsky  is  Etn 
extremely  small  bacillus  with  pointed  ends,  {'apsules  have  occasionally 
been  made  out.  It  may  be  cultivated  upon  aqueous  solution.s  con- 
taining: 

Sod.  nitrite 1      per  cent. 

Potass,  phosphate 05     "       " 

Magnesium  sulph 03     "       " 

So<liura  carbonate ' 1        "       " 

Ferrous  sulphate 04     "       " 

The  development  of  the  organism  is  slow  and  sparse,  and  is  directly 
inhibited  by  the  piT'si'nce  of  organic  matter.  It  is  strongly  inhibited  by 
the  presence  of  ammonia. 

The  Liberation  of  Kneigy  by  Bacterid. — Like  all  other  living  be'mgs, 

'  Omfliantky,  Cent.  f.  Bnkt.,  II.  5.  1809. 
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bacteria  in  their  metabolic  processes  liberate  energy,      It  has  been 

I  sliown  by  several  observers  that  alight  quantities  of  heat  are  given 

i  off  from  actively  growing  cultures.     The  functions,  furthermore,  of 

reproduction,  motility,  and  enzyme  formation  maj^  be  looked  upon  as 

forma  of  energy  liberation.     In  addition  to  this,  certain  bacteria  have 

I  b«^n  observed  which  may  lil>pratc  energy  in  the  fomi  of  light. 

Lifht  Production  by  Bacteria. — ^The  production  of  light  by  bacteria 
is  a  power  possessed  chiefly  by  certain  species  inhabiting  salt  water. 
Thus,  much  of  the  phosphore.scence  ob.servcd  at  sea,  though  more  fre- 
quently due  to  Medusa  and  other  invertebrate  animals,  is  caused  by 
these  bacteria.      Numerous  .species  which  pro<luce  this  phenomenon 
have  been  isolated,  too  many,  and  too  unimportant,  to  be  individually 
described.     All  of  them  are  aerobes  and  require  highly  complex  food 
I  stuffs.     They  are  closely  allied  to  the  putrefactive  bacteria,  and  in 
the  sea  are  usually  found  upon  rotting  animal  matter.'    The  production 
[of  light  seems  directly  depxintlent  upon  the  free  access  of  oxygen,  since 
[no  light  appears  under  anaerobic  conditions.    Their  luminous  quality, 
[moreover,  is  not  a  true  phosphorescence,  in  that  it  does  not  depend 
I  upon  previous  illumination  and  develops  as  well  in  cultures  kept  in  the 
f  dark  as  in  those  which  have  been  exposed  to  light.' 

The  Formation  of  Pigment  by  Bacteria  (Chromobaciei-ia). — A  large 
number  of  bacteiia,  when  cultivated  upon  suitable  media,  give  rise  to 
characteristic  colors  which  are  valuable  as  marks  of  differentiation. 
For  each  species,  the  color  is  usually  constant,  depending,  to  a  certain 
extent,  upon  the  conditions  of  cultivation.  In  only  a  few  of  the 
pigmented  bacteria  is  the  pigment  contained  within  the  cell  body,  and 
in  only  one  variety,  the  sulphur  bacteria,  doe.s  the  pigment  appear  to 
hold  any  distinct  relationship  to  nutrition.  In  most  cases,  the  coloring 
matter  is  found  to  be  deposited  in  small  intercellular  graniUcs  or  globules. 
I  The  absence  of  any  relation.fhip  of  the  pigment  to  sunlight,  as  is  the  case 
with  the  chlorophyll  of  the  green  plants,  is  indicated  by  the  fact  that 
most  of  the  chromobacteria  thrive  and  produce  pigment  equally  weO  in 
the  dark  as  they  do  in  the  presence  of  light.  Among  the  most  common 
of  the  pigment  bacteria  met  with  in  bacteriological  work  are  Staphy- 
IJococcus  pyogenes  aureus,  Bacillus  pyocyaneus.  Bacillus  protligiotius, 
I  and  some  of  the  gR»en  fluorescent  bacteria  frequently  found  in  feces. 
The  chemical  nature  of  these  pigments  has  been  inve8tigate<l  quite 
thoroughly  and  it  has  been  shown  that  they  var>'  in  composition. 

•  PJlagtr't  Arch.  f.  Phys.,  xi.  1875.      » Fiacher,  Cent.  f.  Bakt.,  iii,  1888, 
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Some  of  the  pigments,  like  that  of  Staphylococcus  aureus,  are  probably 
non-proteid  and  of  a  fatty  natuK'.'  They  are  insoluble  in  water  but 
solublo  in  ttlcoliol,  I'thcr,  and  chlnrofomi.  Bocauw  of  their  ])robable 
foiui><)sition,  they  have  been  spoken  nf  as  "  lipoehrf)nies."  Other 
pigments,  like  the  pyocyanin,  which  lends  the  gifen  color  lo  cultures 
of  Raeillus  pyocyiuieus,  are  water  soluble  and  are  j)r<ih!ihly  of  ]>roteid 
comj>ositi(ni.  Pyoe\'anin  may  bo  crystallized  out  of  a()ueous  solu- 
tion in  the  fomi  of  fine  needles.  The  crystals  may  be  redissolved  in 
chloroform.  Aqueous  solutions  rftain  their  color.  Solutions  in  chloro- 
form, however,  are  changed  gradually  to  yellow. 

The  power  of  pigment  production  of  various  bacteria  depends  in 
each  ciise  upon  cultural  conditions.  In  nio.st  cases,  this  simply  signifies 
that  pigment  is  prothiceil  only  when  the  niieroorgani.sm,  finding  (he  most 
favorable  environmental  conditions,  is  enabletl  to  develop  all  its  func- 
tions to  their  fullest  extent.  Thus,  a  too  high  acidity  or  alkalinity  of 
■the  culture  niediuiti  may  inhibit  pigment  formation.  OxygiMi  is  neces- 
Baryfor  the  production  of  color  in  some bacteria,  since  the  bacteria  them- 
selves often  produce  the  pigment  only  as  a  lcuk(t-body  which  is  then 
oxydi/.eil  into  the  pigment  [jroijcr.  .\  notable  example  of  this  is  the  pig- 
ment of  B.  pyocyancus.  In  other  cases,  temperature  plays  an  imjxir- 
tant  rtMe  in  influencing  color  production.  Thus,  Bacillus  prodigiosus 
refuses  to  produce  its  pigment  when  growing  in  the  incubator.  By 
persistent  cultivation  in  an  unfavorable  environment,  colored  cultures 
may  lose  their  power  of  pigment  production. 

Sulphur  Bacteria. — Wherever  the  decomposition  of  organic  matter 
gives  rise  to  the  fonnation  of  H,  S,  in  ceaa-pools,in  ditches,at  the  bottom 
of  the  sea,  and  in  stagnant  ponds,  there  is  found  a  curiou-sly  interesting 
group  of  microorganisms,  the  so-<^alIed  sulphur  or  thiobacteiia.  Red, 
purple,  and  colorless,  these  bacteria  all  possess  the  power  of  utilijiing 
sulpluireUed  hyilrogen  aiul  by  its  oxidation  into  free  .sulphur  obtain 
the  energy  nece.H.sary  for  their  metabolic  proces.ses.  The  colorless  sul- 
phur bacteria,  the  Bcggiatoa  and  Thiothrices,  usually  appear  as  threads 
or  chains  which,  in  media  containing  sufficient  H  S,  ai-e  usually  well- 
stocked  with  minute  globules  of  sulphur.  If  fomid  u|jon  decomposing 
organic  matter,  they  often  cover  this  as  a  grajish  mold-like  layer. 
The  red  suljihur  bacteria,  of  which  numerous  sjiecies  have  been  described 
by  Winogradsky,  may  appear  .'us  actively  motile  spirilla  (Thiuspiiillum) 
or  as  short,  thick  bacillary  forms. 


I 
I 
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^B      The  physiologj'  of  all  the  sulphur  bacteria,  and  especially  of  the 

^Bolored  varieties,  is  of  the  greatest  interest  in  thiit  these  microorganisms 

are  among  the  few  mcmbci-s  of  tlip  biictfn:il  f;n)up  whirh  behave  meta- 

bolicaily  like  the  green  plants.     The  highei-  organic  substances  play  lit- 

^Ble  or  no  part  in  the  nutrition  of  these  microt>rganisras.     Strictly  aerobic, 

^^he  colorless  thiobacteria  are  inch'pcndciit  of  sunlight,  while  the  red  and 

purj)le  varieties  exhibit  their   [)hy.siulugical   depeiiclciice  upon  light  by 

accumulating  under  natum!  conditions  in  well-lighted  spots.     Both 

varieties  possess  equally  the  pf>wcr  of  oxidizing  sulphunMted  hydrogen 

as  a  source  of  energy.    The  sulphur  is  then  stored  us  elemental  sulphur 

within  the  bacterial  body  and  when  a  lack  of  food  stuffs  sets  in,  the 

store  of  sulphur  can  be  further  oxidized  into  sulphurous  or  sulphuric 

anhj'drides.    With  this  sole  source  of  energy,  the.Hc  ba<'teria  aif  capaljle 

of  flourishing  aerobically,  while  an  abs<mce  of  H^,  even  in  the  presence 

of  organic  food  stuffs,  lead.s  to  a  rapid  disappearance  of  their  sulphur 

3ntents  and  an  inability  to  develop. 

In  the  caae  of  the  colored  thiobacteria,  the  red  pigment  appears  to 

fulfil,  to  some  extent,  a  function  comparable  to  that  of  the  chlorophyll 

af  the  green  pliuits. 

Engelmann,'  who  has  studied  this  pigment  spectroscopically,  has 
'  found  that  besides  absorbing  the  red  .spectral  rays  there  is  an  ubsoqjtion 
of  rays  on  the  ultra-red  end  of  the  sitectmni.  The  aUsoiption  of  the 
red  rays  between  the  lines  B  and  C  of  the  spectrum,  and  of  violet  rays 
at  the  line  F,  is  the  same  as  that  of  the  absorption  spectrum  of 
chlorophyll,  and  it  is  in  the  zone  of  these  rays  that  the  physiological 
effects  of  chlorophyll  are  most  active.  In  addition  to  these  absorp- 
tion bands,  the  bactcriopuqjurin  of  tlie  red  sulphur  bacteria  shows 
absorption  of  the  iuvisil>le  ultra  red  rays  of  the  six-ctruni. 
^fe  Engelmann,  with  a  microapectroscope,  projected  a  spectrum  into 
a  miscn>sco]iic  field  in  which  gre<'n  alga^  or,  in  the  case  under  discussion, 
red  sulphur  bacteria  hud  !>een  placed.  Other  .sources  of  light  were,  of 
coursK\e\clude<l.     By  adding  emulsions  of  strictly  aerobic  bacteria  to 

Biich  preparations,  an  uccunutlation  of  luicroorgauisius  was  ob.ser\'ed 
t  those  {joints  in  the  sjH'ctruin  at  which  most  oxygen  was  lilterated.  In 
lie  case  lx)th  of  chloro[)hylI  and  of  the  reil  sulphur  bacteria  such  areas 
of  bacterial  accumulation  (in  oxygen  liberation)  occurred  in  the  zones 
of  the  absorption  bands  mentioned  ulx>ve. 


. '  Engelmann,  Bot.  Zeit..  1888. 


CHAPTER  V 
THE  DESTRUCTION  OF  BACTERU 

GENERAL   OON8IDEBATION8 

No  branch  of  bacteriology  has  been  more  fruitful  in  practical  appli- 
cation than  that  which  deals  with  the  factors  which  bring  about  the 
destruction  of  microorganisms.  Upon  the  study  of  this  branch  has 
depended  the  growth  and  the  development  of  modem  surgery. 

The  agents  which  affect  bacteria  injuriously  are  many,  and  are  both 
physical  and  chemical  in  nature. 

When  a  procedure  completely  destroys  bacterial  life  it  is  spoken  of  as 
sterilization  or  disinfection,  the  term  disinfection  being  employed  more 
especially  to  designate  the  use  of  chemical  agents.  When  the  procedure 
destroys  vegetative  forms  only,  leaving  the  more  resistant  spores  un- 
injured, it  is  spoken  of  as  "incomplete  sterilization."  When  an  agent, 
on  the  other  hand,  docs  not  actually  kill  the  microorganisms,  but  merely 
inhibits  their  growth  and  multiplication,  it  is  spoken  of  as  an  antiseptic. 
The  term  deodorant  is  indiscriminately  applied  to  substances  which 
mask  or  destroy  offensive  odors,  and  may  or  may  not  possess  disinfectant 
or  antiseptic  value.  Some  deodorants  act  chemically  on  the  noxious 
gases,  destroying  them. 

PHYSICAL  AGENTS   INJUBI0T7S   TO  BACTEBIA 

The  principal  -physkal  agents  which  may  exert  deleterious  action 
upon  bacteria  arc:  drying,  light,  electricity,  and  heat. 

Drying. — Complete  desiccation  eventually  destroys  most  of  the  path- 
ogenic bacteria,  yet  great  differences  in  n-sistance  to  this  condition  are 
shown  by  various  mirroorgani.sins.  Ticker,'  who  has  made  a  systematic 
study  of  the  influence  of  complet«>  dryiiif!:  upon  liacteria,  concludes  that 
the  R'sistancc  of  bacteria  to  desiccation  is  inducncol  by  the  age  of  the 
culture  investigat^'d,  th(>  rapidity  with  which  the  withdrawal  of  moisture 


'FickiT,  Z<.'it.  f.  Ilyg.,  xxix,  I8<.»(>. 
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is  accompliahed,  and  the  temperature  at  which  the  process  takes  plai-e. 
Microorganisms  like  the  gonococcus  and  the  Pfeiffcr  bacillus,  are 
destroyed  by  drj'ing  within  a  few  hours.  The  cholera  vibrio  dried  upon  a 
covorslip  was  found  by  Koch  '  to  be  killed  within  four  hours;  by  Burtk- 
holtz.'  to  survive  about  twenty-four  hours.  The  spore-forms  of  bacteria 
are  infinitely  more  njsistant  to  this  influence  than  arc  the  vegetative 
form.<,  though  they  may  be  destroyed  by  rapid  and  complete  drj'ing  in 
a  desiccator. 

■  It  is  self-evident  that  many  discrepancies  in  the  experimental 
TPsults  of  various  authors  may  depend  upon  the  technique  of  investiga- 
tion, since  the  degree  of  drj'ing  attained  dcjiends  intimately  upon  the 
thickness  anil  consistence  of  the  material  investigated,  and  upon  the 
metho<ls  employed  for  desiccation. 

Light. — Direct  sunlight  is  a  powerful  germicide  for  all  bacteria  except 
a  limited  number  of  species  like  the  thio-  or  sulphur  bacteria,  which 
utilize  sunlight  for  their  metabolic  proce.s.ses  as  do  the  green  plants. 

Koch  *  has  shown  that  exposure  to  sunlight  will  destroy  the  tubercle 
bacillus  within  two  hours  or  less,  the  time  depending  upon  the  thick- 
ness of  the  expose<i  layers  and  the  mat<'rial  surrounding  the  bacilli. 
Confirmatory  researches  have  been  published  by  Mignesco  •  and  others. 

he  powerful  disinfecting  influence  of  sunlight  upon  bacteria  sutipendofl 
water  has  been  shown  by  Huchner.''  Observations  in  regartl  to  the 
fluencc  of  sunlight  upon  anthrax  spores  have  been  made  by  Arloing,* 
and  similar  observations  upon  a  number  of  other  microorganisms  have 
Ixx-n  carried  o»it  by  Dieudoum^,  Junowski,  v.  Esmarch,  and  many 
others.      All  these  ol'Wiervers,  while  difl'ering  somewhat  as  to  the  time 

.ecessary  for  bacterial  destruction,  agree  in  finding  definite  and  pow- 
erful bactericidal  action  of  sunlight.  Diffuse  light,  of  course,  is  less 
active  than  direct  simlight.  Acconling  to  Buchner,  typhoid  bacilli  are 
inhibited  by  direct  svmlight  in  one  and  one-half  hours,  by  diffuse  light 
in  five  hours.  A  remarkable  statement  is  made  by  Arloing,  who  claims 
to   have   found    that   anthrax   spores  arc  more  fjuickly  destroyed    by 

irect  suidight  than  are  the  vegetative  cells.     This  fact  would  call  for 

'urther  confirmation. 


'Kiirh,  Arh.  a.  d.  kai.s.  Ofsiindlicilsanit.  iii.  1887. 
'.Biirkht'ltz,  .Aril.  a.  <1.  kui-s.  (ifsiiiiiilicitsaiiit.  v.  1889. 
'  Koch,  X  Internal.  Mwl.  Congress,  Burlin,  1890. 
*Migneac<>,  Arch.  f.  Hyg.,  xxv,  1896. 

*  Buchner,  Cent.  f.  Bakt.,  I.  xi,  1892. 

•  Arloing,  Compt.  rend,  do  I'acacJ.  d.  sci.,  c,  1885, 
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It  has  been  shown  bj'  various  authors  that  the  influence  of  sunlight  is 
not  to  be  attributed  in  anyway  to  temperature,  nor  always  to  a  direct 
action  of  the  light  upon  the  bacteria,  but  depends  largely  upon  photo- 
chemical changes  produced  by  thcdight  rays  in  the  mwlia.  Richarilson  ' 
and  Dieudonnc^  'conclude  that  under  ordinarj-  aerobic  conditions  in  fluid 
environment  peroxide  of  hydrogen  is  formed  under  the  inlhience  of  light. 
Novy  and  Freer  *  believe  that  the  bactericidal  effects  in  fluids  noticed 
as  a  result  of  exposure  to  light  arc  too  strong  to  bo  explained  by  the 
formation  of  small  quantities  of  peroxide  of  hydrogen,  and  attribute 
this  action  to  organic  peroxides  formed  under  the  descrilx'd  conditions, 
such  as  the  peroxides  of  diacetyl,  benzoylacetyl,  and  others.  These 
views  are  somewhat  strengthened  by  the  fact  that  exclusion  of  oxygen 
from  media  markedly  diminishes  the  bactericidal  power  of  light.'  That 
the  photochemical  changes  alone,  however,  do  not  explain  this  action 
follows  from  the  fact  that  dried  bacteria,  not  surrounded  by  media,  are 
subject  to  a  similar  action.' 

In  analyzing  svmlight  in  reganl  to  its  bactericiflal  power,  it  has  been 
found  by  various  observers  that  the  most  powerful  action  is  exerted  by 
the  ultraviolet  spectral  rays,  whereas  the  j'cllow,  nnl,  and  ultra-red  rays 
are  practically  innocuous." 

It  is  of  importance  to  note  that  sunlight  has  been  found  also  to  have 
a  strong  att^jnuating  influence '  upon  some  bacterial  poisons,  as  shown 
by  the  experiments  of  Ferri  and  Celli  upon  tetanus  toxin. 

Electric  light  exerts  a  distinct  bactericidal  action  when  applied  in 
strengths  of  8O0  to  900  candle  power  for  seven  or  eight  hours." 

Rontgen  or  x-rays  are  said  by  Zeit,"  Blaise  '"  and  Sambac,  and  others 
to  be  without  appreciable  germicidal  power.  Kieder,"  on  the  other 
hand,  has  reported  defuiite  inhibition  of  bacterial  growth  after  exposures 
of  half  an  hour  to  ^r-rays. 


I 


<  RicharJton,  Jour.  Chcni.  Soc.,  i,  1893,  Uef.  Deut.  chem.  GescUa.,  xxvi. 
'  Dietidonru' ,  loc.  cit. 

•  Novy  and  Freer,  3d  Ann.  Meeting  Asan.  Amer.  BacterioIogiBta,  Chicago,  1901. 

•  Rmtx,  Ann.  Inst.  Past,.,  ix,  1887. 

•  DieudonrU,  loc.  cit. 

•  Ward,  Proc.  Royal  Soc.,  62,  189.3. 

»  Ferri  and  CeUi,  Cent.  f.  Bakt.,  I,  xii,  1892. 

•  Dieudonm',  loc.  cit. 

*Zeil,  Jour.  Amer.  Med.  Assn.,  xxivii,  1901. 

"  Blaise  and  Samhtir,  Compt.  rend,  de  la  soc.  de  biol.,  1896. 

u  Rieder,  MUnch.  med.  Wocb., 
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Radium  rays  have  a  distinct  inhibitory  and  even  bactericidal 
power  when  applied  at  distances  of  a  few  centimeters  for  several 
hours.' 

Slectricity. — If  we  exclude  the  indirect  actions  of  heat  and  electro- 
lysis, it  can  hardly  be  said  that  the  direct  bactericidal  action  of  electric 
cum-nts  has  been  satisfactorily  demonstrated.  Such  action,  however, 
has  Ijecn  claimed  by  d'Arsonville  and  Charrin,'  and  by  Spilkcr  and 
Gottstein.' 

Heat. — The  most  widely  applicable  and  efiBcient  physical  agent  for 
Bterilizatiou  is  heat. 

The  def>endence  of  bacteria  for  growth  and  vitality  upon  the  main- 
tenance of  a  proper  tcmjx'raturc  in  their  environment,  and  the  ranges 
of  variation  within  which  bacteria  may  thrive,  have  been  discussed  in  a 
preceding  section,  in  which  a  tabic  of  so-called  "thermal  death  points" 
has  been  given.  In  the  method  of  expressing  these  values  it  was  seen 
that  two  elements  entcivd  into  (he  destmction  of  bacteria  by  heat, 
namely,  that  of  the  degree  of  temperature  which  is  applied,  and  that  of 
the  time  of  application. 

The  prolonged  application  of  moderat«ly  high  temperatures,  in  other 
words,  may  in  certain  instances,  accomplish  the  same  result  as  the  brief 
use  of  e.Ktremely  hif^h  ones.  In  general,  the  death  of  bacteria  following 
prolonged  exposure  to  temperatures  but  slightly  exceeding  the  optimum 
is  due  to  the  inability  of  the  anabolic  processes  to  keep  pace  with  the 
accelerated  katabolic  processes,  gradual  attenuation  resulting  in  death. 
At  somewhat  higher  temperatures  death  results  from  coagulation  of 
the  bact-erial  protopla.sm,  and  at  still  higher  degrees  of  heat,  applied  in 
the  dr>'  form,  direct  burning  of  the  bacteria  may  be  the  cause  of  their 
destruction. 

Heat  may  be  applied  in  the  form  of  drj'  heat  or  as  moist  heat,  these 
methods  being  of  great  practical  value,  but  differently  applicable  ac- 
cording to  the  nature  of  the  materials  to  be  .sterilized.  The  two  methwls, 
moreover,  show  a  marked  difference  in  efficiency,  temperature  for  tem- 
perature. For  the  rccognitinn  of  this  fact  we  are  largely  indebted  to  the 
early  researches  of  Koch  and  Wolffbiigel,'  anil  of  Koch,  Gaffky,  and 
Loeffler.* 

>  Pervonal  observations. 

•  t)'Ar»(mritle  and  Cham'v.  C'ompt.  rend,  de  la  soe.  de  biol. 

•  Siiilker  and  (lulliUtin,  Cont,  f.  Bakt.,  I,  y,    1891. 

«  Koch  und  Wolffhwjil.  .Mitt.  u.  d.  kais.  Gesundlveitsamt,  1,  1882. 
» Koch,  (Jaffky  and  Loejfltr,  ibi<I. 
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These  observers  were  able  to  show  that  the  spores  of  anthrax  were 
destroyed  by  boiling  water  at  HW  C.  in  from  one  to  twelve  minutes, 
whereas  dry  hot  air  was  efficient  only  after  three  hours'  exposure  to 
140°  C.  Extensive  confirmation  of  these  diPferences  has  been  brought 
by  many  workers.  An  explanation  of  the  phenomena  observed 
Is  probably  to  be  found  in  the  changes  in  the  coagulability  of 
proteida  brought  about  in  them  by  the  abstraction  of  water. 
Lewith/  working  with  various  proteida.  found  that  these  sub- 
Btancea  are  coagula'ed  by  heat  at  lower  temperatures  when  they 
contain  abundant  quantities  of  water,  than  when  water  has  been 
abstracted  from  them  On  the  ba.sis  of  actual  experiment  with  egg 
albumin  he  obtained  the  following  results/  which  illustrate  the  point 
in  question: 


Egg  ajbumin  in  dilut«  aqueoua  solution,  coagttlat«l  at  56°  C. 
"  "         with  25  per  cent  water,  "  "  74-80°  C. 

"  "  "     18   "       "  "  "  "  80-90°  C. 

II  II  II         a     II  II  II  II  II    I4C0  r* 


Absolutely  anhydrous  albumin,  according  to  Haas,'  may  be  heated 
to  170°  C.  without  coagidation.  It  is  thus  dear  that  bacteria  exposed 
to  hot  air  may  be  considerably  dehydrated  before  the  temperature  rises 
sufficiently  to  cause  death  by  coagulation,  compleU*  dehydration  neces- 
sitating their  destruction  possibly  by  actual  burning. 

Bacteria  exposed  to  moist  air  or  steam,  on  the  other  hand,  may  ab- 
sorb water  and  become  proportionately  more  coagulable. 

The  same  principle,  as  Lewith  points  orut,  probably  explains  the  great 
resistance  to  heat  obsen'ed  in  the  case  of  the  highly  concentrated  pro- 
toplasm of  spores. 

Apart  from  the  actually  greater  efficiency  of  moist  heat  when  com- 
paretl  with  dry  heat  of  an  equal  temi>erature,  an  advantage  of  great 
practical  significance  posseased  by  raoi.st  heat  lies  in  its  greater  powein  of 
penetration.  An  experiment  carried  out  by  Koch  and  his  associates 
illustrates  this  point  clearly.  Small  packages  of  garden  soil  were  sur- 
rountled  by  varj'ing  thicknesses  of  linen  with  thenuoincters  so  placed 
that  the  temperature  under  a  definite  number  of  layers  could  be  deter- 


'  Lewith,  Arch.  f.  exp.  Path.  u.  Pharm..  xxvi,  1890. 

*Lewilh,  luc.  cit.,  p.  351. 

*Haai,  Prag.  me<J.  Woch.,  M-M.  1876. " 
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mined.     Exposures  to  hot  air  and  to  steam  were  then  made  for  com- 
parison, and  the  results  were  as  tabulated:' 


\ 

Tempetm- 
Uii». 

Time  at 
Applies  tioD. 

TniPERATUBES  Reacheu  withik 
THK-KMK«eiis  or  Ukt.n. 

Twenty 
ThickneuM. 

Forty 
TbicknOKies. 

OneHuudred 
Thick  Detuies. 

Hot  air. .«  . . 

130-140°  C. 

4  houre. 

80° 

72° 

Below  70° 

Incomplete 

8terili-u- 
tion. 

Steam 

90-105.3° 

3  hours. 

lor 

lor 

101.5° 

Complete 
steriliza- 
tion. 

ThLs  great  penetrating  power  of  steam  is  due  presumably  to  its  com- 
paratively low  specific  gravity  which  enfibles  it  to  displace  air  from  the 
interior  of  porous  materials,  and  also  to  the  fact  that  as  the  steam  comes 
in  contact  with  the  objects  to  be  disinfected  a  condensation  takes  place 
with  the  consequent  liberation  of  heat.  \\'hcn  a  vapor  pa-sscs  into  the 
liquid  state  it  gives  out  a  definite  amount  of  heat,  which  in  the  case  of 
water  vapor,  at  100°  C,  amounts  to  about  537  calories.  This  brings 
about  a  rapid  heating  of  the  object  in  question.  Following  this 
process  the  further  heating  takes  place  by  conduction,  and  it  is,  of 
course,  well  known  that  steam  is  a  much  better  heat  conductor  than  air.' 

Moist  heat  may  lie  applied  a.s  boiling  water,  in  which,  of  course, 
the  temperature  varies  little  from  100°  C,  or  as  st«am.  Steam  may  be 
used  as  live,  flowing  steam,  without  pressure,  the  temperature  of  which  is 
more  or  leas  constant  at  100°  C. ,  or  still  higher  efficiency  may  be  attained 
by  the  use  of  steam  under  pressure,  in  which,  of  course,  temperatures 
far  exceeding  100°  C.  may  be  produced,  according  to  the  amount  of 
pressure  which  is  used. 

The  spores  of  certain  bacteria  of  the  soil  which  can  not  be  killed  in 
live  steam  in  less  than  several  hours  may  be  destroyed  in  a  few  minutes, 
or  even  instantaneously,  in  compressed  steam  at  temperatures  ranging 
from  120°  to  140°  C 

In  all  methods  of  steam  sterilization,  it  is  of  great  practical  impor- 

>  Koch,  Qaffky  und  Loefflar,  loe.  dt.,  p.  339. 
'  Qmber,  Cent.  f.  Bakt.,  iii,  1888. 
•CArirtcn,  Rcf.  Cent.  f.  Bakt.,  V,  xiii,  1893. 
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tancr,  as  v.  Esmarch  ■  has  ])oititwl  out,  I  hat  the  .sk'aiii  slmll  \ye  saturute'e 
that  is,  shall  fontaifi  us  niui-h  vuporized  water  an  its  temiH'rature  per- 
mits. Unsaturated,  or  so-called  "super-heated  Bteani"  is  formed  when 
heat  is  applied  to  steam,  either  by  passage  through  heated  piping  or  over 
heated  metal  phites.  Iti  such  cases  the  temperature  of  the  stt^am  is 
raised,  but  no  further  water-vapor  being  supplied,  the  steam  exerts 
less  pressure  and  contains  less  water  in  proportion  to  its  voliune  than 
saturated  steam  of  an  equu!  temijerature.  The  super-heated  steam, 
therefore,  is  heated  considerably  over  its  condensation  temperature  and 
becomes  literally  dried.  In  conscrjuenec,  its  action  is  more  comparable 
to  hot  air  than  to  saturated  steam,  and  up  to  a  certain  temperatuif  its 
disinfecting  power  is  actually  less  than  that  of  live  steam  at  100°  C. 
V.  Esmarch,  who  hiis  made  a  thorough  study  of  these  conditions,  con- 
cludes that  up  to  125°  C,  the  cfTiciency  of  superheated  steam  is  lower 
than  that  of  live  steam  at  100°  C.  Above  this  temperature,  of  course, 
it  is  again  active  as  in  the  case  of  ordinaiy  drj'  heat. 

Practical  Methods  of  Heat  Stekilization. — Burning. — For  ob- 
jects without  value,  actual  burning  in  a  furnace  ia  a  certain  and  easily 
applicable  method  of  sterilization.  Flaming,  by  passage  through  a 
Bunsen  or  an  alcohol  flame,  is  the  method  in  use  for  the  sterili/.atiori  of 
platinum  needles,  covershps,  or  other  small  objects  which  are  usetl  in 
handling  bacteria  in  the  laboratory. 

Hot  air  sterilization  is  curried  uut  in  the  so-called  ''  hot  air  chamljers," 
simple  devices  of  varied  construction.  The  apparatus  most  commonly 
used  (Fig.  S)  consists  of  a  sheet-iron,  tioulile-walletl  chamber,  the 
joints  of  which,  insteail  of  being  soldcnxl,  are  closed  by  rivet,s.  The  inner 
case  of  this  chamber  is  entirely  closed  except  for  an  opening  in  the  top 
through  which  a  thennonieter  may  be  introduced,  while  the  outer  has  a 
large  opening  at  the  bottom  and  two  smallei-  ones  at  the  top.  A  gas- 
burner  ia  adjusted  under  this  so  as  to  play  directly  upon  the  bottom  of 
the  inner  case.  A  thermometer  i.s  fitted  in  the  top  in  such  a  way  that  it 
penetrates  into  the  inner  chamber.  The  air  in  the  cliamlnM'  is  heated 
directly  by  the  flame  and  by  the  hot  air,  which,  rising  from  the  flame, 
courses  upward  within  the  jacket  between  the  two  cases  and  escapes  at 
the  top.  To  in,sure  absolute  st.eriliKation  of  objects  in  such  a  chamber, 
the  temperature  should  lac  kept  between  1,50°  and  160°  C.  for  at  least  an 
hour.  In  sterilizing  combustible  articles  in  such  a  chamber,  it  should  be 
remenilx?red  that  cotton  is  browned  at  a  temperature  of  200°  C.  and 
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over.  This  method  is  used  in  laboratories  for  the  sterilization  of  Petri 
dishes,  flasks,  test  tubes,  and  pipettes,  and  for  artieles  which  may  be  in- 
jured by  moisture.  Both  heating  an«l  subsequent  cooling  should  be  done 
gradually  to  avoid  cracking  of  the  glassware. 

Muiat  Heat. — Instruments,  syringes,  and  other  suitable  objects  may 
be  sterilized  by  boiJing  in  wat-er.  Boiling  for  about  five  minutes  is  amply 
sufficient  to  destroy  the  vegetati\c  forms  of  all  bacteria.  For  the lic- 
struction  of  spores,  boiling  for  one  or  two  hours  is  usually  sufficient, 
though  the  spores  of  certain  saprophytes  of  the  soil  have  been  found 


Fto.  8. — Hot  Air  Stbhilizer. 

lally  to  withstand  moi.st  heat  at  a  temperature  of  100°  C.  for 
ei.xtwn  hours.'  The  addition  of  1  per  cent  of  sodium  car- 
jiling  water  ha.stens  the  destruction  of  spores  and  prevents 
the  rusting  of  metal  objects  sterilized  in  this  way.  The  addition  of  car- 
bolic acid  to  boiling  water  in  from  2  to  5  per  cent  usually  insures  the 
destruction  of  anthrax  spores,  at  least,  witlun  ten  to  fifteen  minutes. 

Exposure  to  Zi'i'e  steam  is  |>robably  the  most  practical  of  the  methods 
of  heat  sterilization.  It  may  be  carried  out  by  simple  makeshifts  of 
the  kitchen,  such  as  the  use  of  potato-steamers  or  of  wash-boilers.    For 

>  Chritttn,  loc.  ctt. 
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laboratory  piiiposes,  the  original  steaming  device  introdurnd  hy  Koch 
has  been  almost  completely  (liaplaced  by  devices  constructed  on  the 
plan  of  the  so-called  "  Arnold  "  sterilizer  (Fig.  9).  In  such  an  appara- 
tus, water  is  poured  into  the  reservoir  .1  and  Hows  from  there  into 
the  shallow  receptacle  li,  foniied  by  the  double  bottom.  The  flame 
underneath  rapitlly  vaporizes  the  thin  layer  of  water  contained  in  B, 
and  the  steam  rises  rapidly,  coui'sing  through  the  main  chamber  C. 
Steam  which  escapes  through  the  joints  of  the  lid  of  this  chamber  is 
condensed  under  the  hood  and  drops  back  into  the  reservoir.    Exposure 

to  steam  in  such  an  apparatus  for  fifteen 
to  thirty  minutes  insures  the  death  of 
the  vegetative  forma  of  bacteria. 

In  the  sterilization  of  media  by  such 
a  device,  the  method  of  jrwiional  sterili- 
zation at  100°  C.  is  employed.  The  prin- 
ciple of  this  method  depends  upon 
repeated  exposure  of  the  media  for  fif- 
teen minutes  to  one-half  hour  on  three 
succeeding  days.  By  the  first  exposure 
all  vegetative  forms  arc  destroyed.  The 
me<lia  may  then  be  left  at  room  tem- 
perature, or  at  incubator  temperature 
(37.5°  C.)  until  the  following  day,  when 
any  spores  which  may  be  present  will 
have  developed  into  the  vegetative  stage. 
These  are  then  killed  by  the  secontl  ex- 
posure. A  rcfjetition  of  this  procedure 
on  a  third  tlay  insureds  sterility.  It  must 
always  be  rcineinljcred,  however,  that 
this  method  is  applicable  only  in  cases 
in  which  the  substance  to  be  sterilized  is  a  favoraljle  medium  for 
bacterial  growth  in  which  it  is  Ukely  that  spores  will  develop  into  vege- 
tative forms. 

Exceptionally  the  method  may  fail  even  in  favorable  metlia  when 
anaerobic  spore-forming  bacteria  are  pre.<wnt.  Thus,  it  has  been  ob- 
served that  anaerobic  spores,  failing  to  develop  under  the  aerobic  con- 
ditions prevailing  during  the  intervals  of  fractional  sterilization,  have 
developed  after  inoculation  of  the  metlia  with  other  bacteria,  when  sym- 
biosis had  made  their  growth  possible.  Tetanus  bacilli  have,  in  this  way, 
occurred  in  cultures  of  diphtheria  bacilli  employed  for  toxin  production. 


FiQ.  9. — Arnold  Sterilizf.r. 
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In  noting  the  time  of  an  exposui-e  in  an  Amokl  sterilizer,  it  is 
important  to  time  the  process  from  the  time  whcMi  the  temperature 
.haa  reached  100°  C.  and  not  from  the  time  of  lighting  the  flame. 

The  principle  of  fraclwnal  sterilization  at  low  tempcruturcs  is  ap- 
plied also  to  the  sterilization  of  substances  which  can  not  be  suli- 
jected  to  temperatures  as  high  as  100°  C.  This  is  especially  the  case 
in  the  sterilization  of  media  containing  Hlbuininous  materials,  when 
coagulation  is  to  be  avoideil,  or  when  both  coagulation  of  the  medium 
and  sterilization  are  desired. 

In  such  cases  fractional  8t<»rilization  may  be  practiced  in  simply  con- 
structed sterilizers,  such  as  a  Koch  inspissator  or,  in  the  case  of  fluids, 
I  such  as  blood  serum,  by  immersion  in  a  water-bath  at  a  temperature 


J 


Fio.  10. — Low  Temperathrb  Steriuzer  (Inspibsator). 

varying  above  55°  C,  according  to  circumstances.     Exposures  at  such 
low  temperatures  may  be  repeated  on  five  or  six  consecutive  days,  usu- 

,ally  for  an  hour  each  day. 

The  use  of  steam  under  pressure  is  the  most  powerful  method  of  heat- 
disinfection  which  wc  possess.  It  is  applicable  to  the  sterilization  of 
fomit^'s,  clothing,  or  any  objects  of  a  size  .'suitable  to  be  contained  in  the 
apparatus  at  hand,  and  which  an'  not  injun-d  by  moisture.  In  labora- 
tories this  method  is  employetl  for  the  sterilization  of  infected  appa- 
ratus, such  as  flasks,  te.st  tubes,  Petri  plate.s,  etc.,  containing  cultures. 
The  device  most  commonly  used  in  laboratories  is  the  so-called  auto- 

;  clave,  of  which  a  variety  of  models  may  be  obtained,  both  stationary 
and  portable.    The  principle  governhig  the  construction  of  all  of  these 
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is  the  same.  The  apparatus  usually  consists  of  a  gun-metal  cylinder 
supplied  with  a  lid,  which  can  be  tightly  dosed  by  screws  or  nuta, 
and  supplieil  with  a  thrTiiionicter,  a  safety-valve,  and  a  steam  pressure 
gauge.  In  the  simpler  autoclaves,  water  may  bo  directly  filled  into 
the  lower  part  of  the  eyliiuler,  and  the  objects  to  be  storih'zed  supported 

upon  ii  ]jerforated  diaphrapn.  In  this 
case  the  heat  is  directly  applied  by  means 
of  a  ^aa  flame.  In  the  more  elaborate 
.stationary  devices,  steam  may  lie  let  in 
Ijy  pi()ing  it  from  the  reg:ular  supply  used 
for  heating  puipo.ses.  E.xposure  to  steam 
under  fifteen  pounds  pressure  (fifteen  in 
addition  to  the  usual  atmospheric  press- 
ure of  fifteen  pounds  to  the  square  inch) 
for  fifteen  to  twenty  minutes,  is  sufficient 
to  kill  ail  forms  of  bacterial  life,  including 
spores. 

In  applying  autoclave  sterilization 
priu-tically,  attention  must  be  paid  to 
certain  technical  details,  neglect  of  which 
would  result  in  failure  of  sterilization.  It 
is  neccssaiy  always  to  pernrit  all  air  to 
escape  from  the  autoclave  Ix'forc  closing 
the  vent.  If  this  is  not  done,  a  poorly 
conducting  air-jacket  may  be  left  about 
the  objects  to  be  Bterilizcd,  and  thesw 
may  not  be  lieated  to  the  temperature 
indicated  by  the  pre.ssure.  It  is  also  nce- 
e.'i.sary  to  allow  the  rctiuction  of  pressure, 
after  .sterilization,  t(j  take  place  slowly. 
Any  sudden  relief  of  pressure,  such  as 
woukl  Ik  produced  by  opening  the  air- 
vent  while  the  pre.ssure  gauge  is  still  above  zero,  will  usually  ifsult  in 
a  sudden  ebullition  of  fluid  and  a  removal  of  stopjjers  from  flasks. 

The  temperature  attained  by  the  application  of  various  degrees  of 
pressure  is  expressed  in  the  following  tabic: 


I'Ui.     1  1.— .\ll<HI,A\K. 


Lbs.  Pressure  Temperature 

1  102.3° 

2 104.2 

3 105.7 

4  107.3 


Lbs.  Pressure  Tem|X!rature 

6  lO&.S" 

6 110.3 

7 111.7 

8 113 
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Iiba.  Preaanite  Temperature 

9  114.3° 

10  115.6 


11 
12 
13 
14 
15 


116.8 

118 

119.1 

120.2 

121.3 


16 122.4 


Lbs.  Pressure  Temperature 

17 123.3° 

18 .   124.3 

20 120.2 

22 128.1 

24  129.3 

26 131.5 

28 133.1 

30 134.6 


CHEMICAL    AGENTS    INJURIOUS    TO    BACTERIA 


Since  the  time  of  Koch's  '  fundanirntal  re.searche.s  upon  chemical 
disinfectants,  the  known  nunitxT  f>f  these  substances  has  been  enor- 
mously increased,  and  now  embraces  chemical  agents  of  the  most  varied 
constitution.  It  is  tluis  nianifestly  impossible  to  refer  the  injurious  in- 
fluence which  these  substances  exert  upon  bacteria  to  any  uniform  law  of 
action.  The  efficiency  of  a  tlisinfecting  agent,  furthermore,  is  not  alone 
dej)endent  upon  the  natuit-  and  cf>nceiit  rations  of  the  substance  itsi-lf,  but 
dei>cnds  complexly  upon  the  natuiv  of  the  stdvent  in  which  it  is  enijjlovctl, 
the  tomperature  prevailing  during  its  application,  the  numbers  and  bio- 
logical characteristics  of  the  bacteria  in  question,  and  the  time  of  e.\- 
po.sure.  All  these  factors,  therefore,  nrust  be  considered  in  testing  the 
efficiency  of  any  given  disinfectant.  While  it  is  true,  furthermore, 
that  all  substances  which  in  a  given  concentration  exert  bactericidal  or 
disinfecting  action  upon  a  microorganism,  will  in  greater  dilution  act 
antiseptically  or  inhibitively,  no  definite  niles  of  proportion  exist  be- 
tween the  two  values,  which  in  each  case  must  be  determined  by  experi- 
ment. 

Disinfectants  Used  in  Solution. — The  actual  processes  which  take  place 
in  the  injury'  of  bact«'ria  b\'  disinfectants  are  to  a  large  extent  unknown. 
In  the  case  of  strong  aciils,  or  strongly  oxidizing  substances,  there  may 
be  destruction  of  the  bacterial  botly  as  a  whole  by  nijiid  oxidation. 
Other  substances  nnvy  act  by  coagulatifin  of  the  bacterial  proto[)!:ism; 
others  again  by  diffusion  through  the  cell  inendirune  are  able  to  enter  into 
chemical  combination  with  the  jirotoplasm  and  exert  a  toxic  action. 
Again,  in  other  cils<'s,  a  diffen'nce  in  tonicity  between  cell  prcjtoplasm 
and  di.«infectant  may  tentl  to  withdrawal  of  water  from  the  bacterial 
cell  and  con.sequent  injurj'  of  the  microorganism. 

Among  the  inorganic  disinfectants  the  most  important  are  the  metallic 


Koch,  Arh.  a.  d.  kaia.  Gesundlicitsamt,  i,  1881. 
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salts,  aciils,  ami  l> 


(1  thi-ir  ilorivativos,  and  i-ertain 


hiises,  the  hiilnjrm 
oxidizing  agptits  like  peroxide  of  hyilr(ij;en  and  piinuiinganate  of  potas- 
sium. 

It  h:is  Ijeen  shown  by  SehetK^rlen  and  Spiro,'  Krtinig  and  Paul,^  and 
othera,  that  in  the  ca-so  of  the  salts,  acids,  and  bases,  there  is  a  distinct 
and  demonstrable  relationship  IxHween  the  disinfeeting  power  of  theae 
substances  and  their  tlissoriation  in  solution. 

According  to  the  theorj-  of  electrolytic  di.ssociation,  when  bodies  of 
this  class  go  into  solution  they  are  broken  up  or  di.ssociat<ni  into  an 
electro-positive  and  an  electro-negative  ion.  Thus,  metallic  salts  arc 
broken  up  into  the  kation,  or  positive  metal,  and  into  the  anion,  or 
negative  acid  radicle  (.\gNOa  =  Ag,  +  ion  and  NO,,—  ion).  In  the 
case  of  the  acids,  ionization  takes  place  into  the  hydrogen  ions  and  the 
acid  radicles,  while  in  the  case  of  the  bases  the  dissociation  occurs  into 
the  metal,  on  the  one  hand,  antl  the  Oil  group  on  the  other.  The  de- 
gree of  dissociation  taking  place  de|tends  upon  the  nature  of  the  sub- 
stance in  solution,  its  concentration,  and  the  nature  of  the  solvent. 
Thus,  in  any  such  .solution  there  app<!ar  three  substances,  the  undis- 
sociated  compound  as  such,  its  electro-negative  ion,  and  its  electro- 
positive ion,  their  relative  concentrations  depending  upon  an  interrela- 
tionship calculabl(v  Ijy  definit<'  laws.  It  goes  without  saying,  therefore, 
that  any  chemical  or  physical  reaction,  taken  part  in  by  .inch  a  solution, 
may  \x'  participated  in,  not  onl3'  by  the  ili.s.yolved  undiasociated  residue 
as  a  whole,  but  by  its  separate  ions  individually  as  well.  In  the  case  of 
many  disinfectants,  the  writers  referred  to  above  have  been  able  to 
demonstrate  a  relationship  iK-tween  the  degree  of  dis.sociation  and  the 
bactericidal  powers.  According  to  Kronig  and  Paul,  double  metallic 
.salts,  in  which  the  metal  is  a  constituent  of  a  complex  ion  and  in  which 
the  concentration  of  the  dissociated  metal-ions  is  consecjuently  low, 
have  verj'  little  disinfecting  power.  Thus  potassitmi-silver-cyanidc, 
which  is  a  comparatively  weak  disinfectant,  dissociates  into  the  kation  K 
and  the  complex  anion  .-\g  (CN)  j,  this  latter  further  di.s.sociating  to  a  very 
slight  degree  only.  The  .same  writera  c<jnc!ude  that  the  bactericidal 
action  of  mercuric  chloride  and  of  lialogen  combinations  with  metals  ia 
directly  proportionate  to  the  degn^e  of  ilissociation.  This  considera- 
tion, moreover,  explains  why  aqueous  solutions  of  sucli  sulwtances  are 
more  active  than  are  solutions  in  the  alcohols  or  In  ether,  since  it  is  well 


'  SrhrufrUn  und  Spirn,  Milnch.  mc><i.  Woch.,  44,  1S97. 
»  Kronig  imd  Paul,  JScit.  f.  Hyg.,  xxv,  1807, 
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known  that  metallic  salts  are  ionizcnl  in  these  substances  to  a  much 
slighter  degree  than  they  are  in  water.' 

On  the  other  hand,  the  addition  of  moderate  quantities  of  ethyl 
and  methyl  alcohol  or  acetones  to  aqueous  solutions  of  silver  nitrate  or 
mercuric  chloride,  definitely  increases  the  disinfecting  action  of  such 
solutions.  In  the  case  of  mercuric  chloride,  Kronig  and  Paul  obtained 
the  most  powerful  effects  in  solutions  to  which  alcohol  had  been  added 
'  in  a  concentration  of  25  per  cent.  For  this  empirical  fact  a  satisfactory 
explanation  has  not  j'et  been  found.  Kronig  and  Paul  suggest  that  low 
percentages  of  alcohol  may  facilitate  the  jjenetration  of  the  disinfectant 
through  the  ceil  membrane  and  thus  increase  its  efficiency,  while  high 
percentages  of  alcohol  have  the  oppo.site  effect,  by  decreasing  the  degree 
of  dissociation.  In  this  connection  it  has  been  suggested,  however, 
that  absolute  and  strong  alcohols  po-ssibly  act  as  desiccating  agents, 
thus  actually  rendering  the  bacteria  drj'  and  less  susceptible  to  dele- 
terious chemical  influences. 

In  the  case  of  acids  and  bases  the  same  authors  have  determined 
that  the  powers  of  disinfection  of  these  substances  are  again  directly 
proportionate  to  the  degree  of  their  dissociation:  that  is,  to  the  concen- 
tration of  the  hydrogen  or  hydroxyl  ions,  respectively.  The  hydrogen 
ions  are  more  powerfully  active  than  the  hydroxyl  ions  in  equal  con- 
centration; acids,  therefore,  are  more  efficient  disinfectants  than  bases. 

A  fact  which  appears  to  strengthen  the  opinion  as  to  the  relationship 
between  bactericidal  powers  and  dissociation,  is  that  brought  forward 
by  Scheuerlen  and  Spiro,  that  the  addition  of  NaCl  to  bichloride  of 
mercury  solutions  reduces  the  di.sinfecting  power  of  such  solutions,  in- 
asmuch as  it  diminishes  the  concentration  of  free  ions.  In  practice, 
however,  NaCl  or  NH^Cl  is  addled  to  bichloride  of  mercury  solutions, 
since  these  substances  aid  in  holding  in  solution  mercury  compounds 
formed  in  the  presence  of  alkaline  albuminous  material,  blood  serum, 
pus,  etc. 

In  regard  to  the  halogens,  Kronig  and  Paul  have  shown  that  the 
germicidal  power  of  this  cla-ss  of  elements  is  inversely  proportionate  to 
their  atomic  weights.  Thus,  chlorine  with  the  lowest  atomic  weight  is  the 
strongest  disinfectant  of  the  group.     Next,  and  almost  equal  to  this,  is 

'  Water  is  the  Htrongcflt  dissociant  known.  Methyl  alcohol  has  about  one-half  to 
two-thirds  the  dissooialinR  power  of  water  (Zelinsky,  Zeit.  f.  physiol.  Chemie,  xx, 
1896J.  Ethyl  alcohol  allows  di&sociation  much  less  thaii  methyl  alcohol;  aiumonia 
allows  dissociation  to  about  one-third  to  one-four1.lv  the  extent  of  water.  Sec  Jones, 
"Elements  of  Physical  Chemistry,"  p.  371.     Macmillan,  New  York,  1902. 
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broniine.    loiliiie  with  a  much  lieuvier  atomic  weight  than  either  of  the 
t'onner  is  <listiiK'tly  less  IjHctericidal. 

CiiLoKiDK  vv  IjIme. — Of  the  hiilogen  compounds  usoil  in  practice, 
the  most  important  is  chloride  of  lime  or  bleaching  powder.  As  to  tlie 
composition  uf  this  siihstaiicc,  theru  is  some  difference  of  opinion.  It 
was  formerly  helieved  to  be  a  mixture  of  cideium  hypocliktrite, 
Ca{C10a),  and  of  calcium  chloride,  CaCLj.  The  fact  that  the  sultstance 
is  not  deli(iue.snen(;,  however,  wpenks  against  the  presence  of  calcium 
chloride  as  such,  and  it  is  probable  that  it  consists  of  a  single  com- 
pound with  the  formula  CaOClj.  The  action  of  acids  or  even  of 
atmospheric  CO,  upon  this  substance  results  in  the  liberation  of 
chlorine.    For  instance, 

Ca(Cl,0)  +  2nCl  =  CaClj  -f  2nC10. 
2HC10       +  2HC1  =  2Hj  -f  2CI,. 

Bleacfiing  powder  is  readily  soluble  in  about  twenty  parts  of  water. 
According  to  Nissen,'  solutions  of  2  in  1,0(X*  of  this  substance  destroy 
vegetative  forms  of  Iwcteria  in  live  to  ten  minutes.  Its  hactericidal 
action  depends  on  the  hypochloroiis  acid  formed.  After  water  precipi- 
tation iin  efficient  dnsage  is  ]0  pounds  to  tlie  niillifm  gallons. 

Terchlokide  of  Iodine  (IClj)  is  an  extremely  strong  disinfectant, 
being  efficient  for  vegetative  forms  in  solutions  of  0.1  per  cent  in  one 
minute  and  a  1  per  cent  solution  deatroinng  spores  within  a  few 
niinutes." 

Painting  with  tincture  of  iodine  (10  per  cent)  is  a  simple  and 
reliable  method  of  sterilizing  the  skin.  It  is  now  used  in  many  clinics 
in  sterilizing  the  field  of  operation. 

Peroxide  op  Hydrocen  is  formed  by  the  action  of  dilute  sulpharie 
acid  upon  p'-ro.xidc  of  barium.  It  readily  gives  up  oxygen  and  acts 
upon  bacteria  probably  by  virtue  of  the  liberation  of  nascent  oxygen. 
In  the  presence  of  organic  matter,  such  as  blood,  pus,  etc.,  associated 
with  biicteria,  II.O.  is  (piickly  reduci'd  and  weakened.  It  is  imi>ortnnt 
that  the  11.0,  come  in  immediate  contact  with  the  bacteria.  In  prac- 
tice, therefore,  blood  and  pus  should  be  removed  from  wounds  when 
applying  the  ILO.  or  a  large  excess  of  ILOj  should  be  used. 

Permanganate  of  Potas.sium,  acting  probably  in  the  same  way,  is 
a  powerful  germicide.  It  also  is  readily  reduced  by  many  organic  sub- 
stances often  a&sociated  with  bacteria,  being  rendered  weaker  thereby. 

>  NUten,  Zeit.  f.  Hyg.,  viii,  1890.  » v.  Behnng,  Zeit.  f.  Hyg.,  ix,  1891. 
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Among  organic  disinfectants  those  of  most  prartifsil  importance  are 
^thr  alcohols,  formaklchytlcs,  iodofoitu,  memtx?i's  of  the  phfuol  group 
its  derivative,s,  carbolic  acid,  cresol,  lysol,  creolin,  salicylic  acid,  cer- 
''tain  ethereal  oils,  and,  more  recently  introduced,  organic  silver  salts 
Buch  as  protargol,  argyrol,  nrgonin,  and  others. 

The  alcohols  are  but  indifTeit-nt  disinfectants.  Koch  '  in  1881 
found  that  anthrax  spoivs  ri-injiinrd  alive  for  sw  long  as  four  months 
when  innnersed  in  absolute  and  in  M  per  cent  ethyl  alcohol.  On  the 
Other  hand,  while  absolute  alcohol  posses.ses  practicallj'  no  gemiicidal 
powers,  possibly  liecause  of  the  formation  of  a  protecting  envelope  by 
the  coagidation  of  the  btwtcrial  ectoplasm,  o!',  as  suggested  alwvc,  by 
desiccation  due  to  the  abstraction  of  water,  dilute  alcohol  in  a  concen- 
tration of  about  50  per  cent  is  dist  iiictly  gemu'cidal,  destroying  the  vege- 
tative forms  of  bacteria  in  from  ten  to  fifteen  minutes  or  less.* 
Attention  has  already  been  called  to  tlie  fact  that  moderate  ad- 
ditions of  alcohol  to  aqueous  solutions  of  mercuric  chloritle  enhance 
the  germicidal  power  of  this  disinfectant.  .Additions  of  ethyl  and 
methyl  alcohol  to  carbolic  acid  or  fonnaldehyde  solutions,  on  the 
other  hand,  progressively  decrease  tlie  bactericidal  activities  of  these 
substances.' 

The  value  of  boiling  alcohol  for  the  destruction  of  spores — especially 
in  the  sterilization  of  catgut — has  been  investigated  by  Saul,*  who 
found  that  boiling  in  absolute  ethyl,  methyl,  or  propyl  alcoliol  is  prac- 
tically without  effect,  while  spores  are  destroyed  readily  in  boiling 
dilute  alcohol,  the  most  effectual  being  propyl  alcohol  of  a  concentra- 
tion of  from  10— JO  jx^r  cent. 

loDOFOiiM  (CHI,J*is  weakly  antiseptic  in  itself,  but  when  introduced 
into  woimds  where  active  reducing  i:)rocesses  arc  taking  place — often 
as  the  result  of  bacterial-growth — iodine  is  lilx-rated  fnjui  it  and  active 
bactericiilal  action  ivsults. 

Cakholic  aciij  (C„HjOH),  at  room  temperature,  consists  of  color- 
less crystals  which  become  completely  liquefied  by  the  atlditiun  of  10 
per  cent  of  water.  In  contradistinction  to  most  inorganic  disinfectants, 
the  action  of  carbolic  acid  and  other  members  of  the  phenol  group  ia 


■  Koch.  Arb.  a.  d.  kais.  Gesundheitsamt,  i,  I88I. 
»  Epstein.  Zeit.  f.  Hyg.,  rxiv,  1897. 

•  Krunig  und  Paul,  loc.  cit. 

•  Saul,  Archiv  f.  kiin.  Chir.,  56,  1898. 

•  V.  Behriny,  "  Bekaenipfung  d.  Infektions-Krankh.,"  Leipzig,  1894. 
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not  in  any  way  ilopcinlciit  upon  disHoriation."  .VccordiiiK  to  Bpfkmann  ' 
ami  others,  carbolif  acid  arts  as  a  nioloculo  and  not  by  individual  ions. 
The  proof  of  this  is  brought  out  by  the  fmt  tliat  tlie  addition  of  NaCl 
to  carbolin  acid  sohitions,  an  adtlition  which  would  if  ml  to  decrease 
the  concentration  of  free  ions,  markcilly  increases  the  bactericidal 
powers  of  such  solutions.  On  the  other  hand,  as  stated  above,  addi- 
tions of  alcohol  progressively  diminish  the  efficiency  of  the  phenols. 

Other  memlx>rs  of  this  group  of  disiiiffrtants  arc  ohtho-,  meta-,  and 
PARACREsnL  {C„H,CH,OH),  isomeric  compounds  differing  only  in  the 
position  of  the  OH  radicle.  Tricresol  is  a  mixture  of  the.se  three.  The 
cresols  are  relatively  more  powcrfuih'  genniciilal  than  is  carbolic  acid, 
but  are  less  soluble  in  water.  Lysol  is  &  substance  obtained  by  the 
solution  of  coal-tar  rre.siol  in  neutral  potassiuiu-soap.  Dis.solved  in 
water  it  forms  an  opalescent  easily  (lowing  Ii()uid.  .\ccording  to  Gni- 
ber,'  its  gcnuicidal  action  is  slightly  greater  than  that  of  carbolic  acid. 
Creolin,  another  combination  of  the  crcsols  with  pota-ssic  soap,  forms 
with  water  a  turbid  emulsion,  v.  Behring ''  expressed  the  relative 
germicidal  powers  of  carbolic  aciti,  cresol,  and  creolin  for  vegetative 
forms  by  the  numbers  1:4:  10,  in  the  order  named. 

FoRMALnEHVDE  (H-COH),  or  methyl  aldehyde,  is  a  gas  which  Ls 
easily  produced  by  the  incomplete  eondiustion  of  methyl  alcohol.  The 
methods  of  actually  generating  it  for  puqwst^s  of  fumigation  will  be 
discussed  in  a  subsecjuent  paragraph.  In  aqueous  solution  this  .substance 
fonns  a  colorless  liquid  with  a  characteristic  acrid  odor,  and  in  this  form 
is  largely  used  as  a  pre.'«':rvfttive  for  animal  tissues  and  as  a  germicide. 
It  is  marketed  as  "formalin,"  whir-h  is  an  aqueous  solution  containing 
from  3o  to  40  per  cent  of  the  gas  and  which  exerts  distinctly  bactericidal 
action  on  vegetative  forms  in  further  dilutions  of  from  1  to  10  to  1  to 
20  (formaldehyde  gas  1  :  400  to  1  :  SOO) .  Anthrax  spores  arc  killed 
in  35  per  cent  formaldehyde  in  ten  to  thirty  minutes.'  Unlike  the 
phenols,  the  addition  of  salt  to  fonnaldehydc  solutions  does  not  increase 
its  efficiency,  but  similar  to  them,  additions  of  ethyl  and  methyl  alcohol 
markedly  reduce  its  germicidal  powers. 

The  ESSEXTiAii  oils  which  are  most  commonly  u.sed  in  practice — 
largely  as  intestinal  antiseptics — are  those  of  cinnamon,  thyme,  eucatyjy- 


'  ScheiurUn  und  Spiro,  Munch,  iiied.  Woch.,  44,  1897. 
«  Beckmann.  Cent.  f.  Bakt.,  I,  xx,  1896. 
'Gniber.  Cent.  f.  Bakt.  I.,  xi,  1892. 
*e.  Behring,  loc.  cit.,  p.  111. 
•  KrOnig  und  Paul,  loc.  cit. 
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MS,  and  jx'ppc'nnint.  Onicltschonko  '  bolicves  that  the  pmplo_vment  of 
those  oils  ill  emulsions  is  illogical,  intusiniicii  as  their  bactericidal  powers 
depend  upon  their  vaporization.  He  classifies  the  oils  in  decreasing 
onler  of  their  efficiency  as  followf?:  ( )il  of  cinnMiimn,  pninol,  oil  of  thjTne, 
oil  of  ]K'p|>ennint,.  oil  of  camphor,  ami  eiicnlyptol. 

Methods  of  Testing  the  Efficiency  of  Disinfectants— The  efficiency  of 
any  given  disinfectant  depends,  as  wo  have  seen,  upon  a  number  of 
factors,  any  one  of  which,  if  variable,  may  lead  to  considerable  difTeRnues 
in  the  end  result.  Thus,  as  far  as  the  bacteria  themselves  aie  concerned, 
it  is  nece.'wary  to  rememlxr  that  not  only  do  separate  species  differ  in 
their  resistance  to  disinfectants,  but  that  diffeirnt  strains  within  the 
sfinje  species  may  show  such  variations  as  well.  This  fact  largely  ac- 
counts for  the  widelj'  varA'ing  ivports  made  by  flifTeit-nt  investigatoi-s 
as  to  the  resistance  of  anthrax  spoix's,  and  depends  possiblj-  upon  tem- 
porary or  permanent  biological  differences  proilueed  in  bacteria  by  the 
conditions  of  their  previous  environment. 

The  numbers  of  bacteria  exposed  to  the  disinfectant,  furthemioiv, 
is  a  factor  which  shoukl  be  kept  constant  in  comparative  testa.  The 
medivmi,  mon-over,  in  which  bacteria  are  brought  into  contact  with  the 
isinfectant  is  a  matter  of  great  bnportancc,  inasmuch  as  either  ay 
tering  into  chemicsU  combination  with  the  disinfectant  it  may  detract 
from  its  concentration  or  by  coagulation  it  niiiy  form  a  purely  mechanical 
protection  for  the  microorganism.  Thus  bacteria  which  may  be  de- 
stroyed in  distilled  water  or  salt-solution  emulsion  with  comparative 
ease,  may  evince  an  apparently  higher  resistance  If  acted  upon  in 
the  presence  of  blood  serum,  mucus,  or  other  ^dbuniinous  substances. 
Temperature  influences  bact<>ricidal  processes  in  that  most  chemical 
disinfectants  an-  more  actively  bactericidal  at  higher  than  at  lower 
temperatures,  a  fact  due  most  likely  to  the  favorable  induence  of  tem- 
perature upon  all  chemical  reactions.*  As  far  as  merely  inhibitory  or 
antiseptic  values  are  concerned,  however,  the  teTiipcniturc  lexst  favor- 
able for  the  reaction  of  the  antiseptic  is  that  which  represents  the  opti- 
mum growth  temperature  for  the  microorganism  in  question  and  the 
inhibitory  effects  of  any  substsmce  are  less  marked  at  this  point  than  at 
temperatures  alx)ve  or  below  it. 

The   important   influence  exerted   by  the    solvent   in    which    the 


>  OmeUschtnko,  Cent.  f.  Bokt..  I.  ix.  1S91. 

>  i>.  Bchriruj,  "  Bekacinpf.   dcr  Infektions-Knuikh.,  Infektioa  u.  DesinfeetioD," 
Leipzig,  1894. 
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disinfectiint  is  omployod  has  already  brfu  discusswl.  For  ordinarj' 
work  it  is  rustoniary  to  •■xpress  aljsulutc  and  couijKirativf  antiseptic 
and  baotiTifidal  values  in  terms  of  percentages  l.>a.seil  ujion  weiglit,  and 
this,  beyonil  tiucstion,  is  Ixitii  simple  and  practieal.  For  strictly  s<;ien- 
tific  c'omi)arisons,  however,  as  Kronig  and  Paul '  have  jminted  out,  it 
is  by  far  more  accurate;  to  work  with  equimolecular  solutions. 

Rideal  and  Walker  °  have  devispti  a  metliod  of  testing  disinfectants, 
in  which  an  attempt  is  made  to  establish  a  standard  for' e<im[)arisons. 
They  ch<x>sp,  as  the  standard,  carbolic  acirl,  and  establish  what  they  call 
the  "carbolic-acid  coefficient."  This  coefficient  they  obtain  in  the  fol- 
lowing way:  the  i)articular  dilution  of  the  disinfectant  under  investiga- 
tion which  will  kill  in  a  given  time,  is  divided  by  the  strength  of  carlx)lic 
acid  which,  under  the  same  conditions,  will  kill  the  same  bacteria  in 
the  same  time.  We  tjuote  an  exjmiplu  of  such  a  test,  given  by  Simpson 
and  Hewlett,'  comparing  formalin  and  carlwlic  acid. 

liAClLLUS  PESTIS. 


Dilution. 

TmB  m  MmUTSB. 

Sample. 

2^ 

s 

7.6 

10 

12.  s 

IS 

Formalin 

Carbolic  acid . . . 

■1 

lin    30 
lin   40 

lin  100 
lin  110 

RTOwth 

growth 
growth 

growth 
growth 

growth 

growth 

In  the  above  tjihle,  formalin  1  in  30  killed  in  the  same  time  as 
carbolic  acid  1  in  110.  Thus  the  carbolic-acid  coefficient  of  formalin 
in  this  test  =  */i,o  =  .27. 

The  H  ideal- Walker  method  has  been  much  used  and  is  recommended 
by  many  workers.' 

The  mast  precise  method  of  standardizing  disinfectants  is  that  now 
in  U.S4'  in  the  U.  S.  Public  Health  Service.  It  is  a  mmlification  of  the 
HideaUWulker  procedure  devi.sed  by  Anderson  and  Mcf'lintic.'' 

ytock  5  per  cent  solutions  of  the  disinfectant  in  question  and  of  the 


'  Krdnig  und  Paid,  loc  cit 

'  Rideal  and  Walkrr,  Jour,  of  the  Sanitary  Ins.  London,  xxiv. 

•  Simpium  and  HrwIrU,  Lancet,  ii,  1904. 

*  SommrrvUlf,  Brit.  Med.  Jour.,  1004. 

•;lnrf<TgoFi  and  McClinlic,  Jour,  of  Inf.  Dis.,  1911,  viii,  L 
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idard  (phenol)  are  first  prepared  iiiul  !i  series  of  accunitc  dilutions 
ie  with  distilled  water  using  gradualfd  (lipettes.  (To  make  1 :  70  take 
c.c.  of  stock  and  10  c.c.  ilistilled  wuter;  1:80  =  4  e.c.  of  stock  +  12 
*«.c.  distilled  w^ater;  1:90  =  4  c.c.  .stock  -f  14  c.c.  distilled  water;  1:500 
=  2  c.c.  of  stock  -|-  48  c.c.  of  distilled  water.  C'omplete  dilution  tables 
are  given  in  their  original  article.)  The  series  should  inchide  dilutiuns 
strong  enough  to  kill  B.  typhosus  in  two  and  a  half  minutes  and  weak 
enough  to  fail  to  do  so  in  fifteen  minutes.  If  dilutions  greater  than  1- 
500  are  required,  a  second  1  per  cent  stock  solution  is  pre[)ared.  They 
aiiopteti  the  following  scale  for  their  tests:  Dilutions  up  to  1 :70  should 
var>'  from  the  next  in  the  series  by  a  difference  of  5  (i.e., 5 parts  of  water). 

From  1 :  70  to  1 :  160  by  a  difference  of  10 
From  1 :  160  to  1 :  20t)  by  a  ciifference  of  20 
From  1 :200  lo  1 :  40()  by  a  liifTercnce  of  25 
From  I ;  4(X1  to  1 :  94W  by  a  ilifTeroncc  of  50 
From  1 :  900  to  1 :  ISOO  by  a  difference  of  100 
Prom  1:1800  to  1:3200  by  a  difference  of  200 

and  so  on  if  higher  (hlutions  are  neces.sary. 

Short  wide  test  tulx's  1  inch  by  3  inches  are  u.sed  in  making  the  test. 
These  are  placed  in  a  rack  in  a  water  bath  at  20°  C.  Five  c.c.  of  each 
dilution  are  measuretl  into  a  series  of  these  tubes  beginning  with  the 
strongest  specimen  and  rinsing  the  pipette  once  with  each  dilution 
before  the  5  c.c.  are  measured  out.  For  inoculation,  a  24-hour  broth 
culture  of  B.  tj'phosus  is  jirepared  which  has  been  transferred  daily  for 
at  lefust  3  days.  Before  u.se  it  is  shaken  and  filtered  through  sterile 
filter  paper.  The  wide  test  tubes  containing  diluted  disinfectant  are 
inoculated  with  'jo  c.c.  of  this  culture  with  a  graduated  pipette.  The 
tip  of  the  pipette  ia  held  against  the  side  of  the  tube  to  insure  accurate 
measurement  and  the  tube  immediately  shaken  to  mix  the  bacteria 
thoroughly  with  the  disinfectant.  Test  inoculations  are  made  from 
this  mixture  at  proper  intervals  iiito  tubes  containing  10  c.c.  of  standard 
extract  broth  of  +  l.ii  acidity,  using  loops  4  mm.  in  diameter.  At  least 
four  such  lo<ips  shoulfi  he  at  hand,  supi)orted  on  a  rack  or  wooden  block 
so  that  a  fan-tail  Hunsen  burner  may  be  placed  under  each  wire  in  turn. 
Each  one  is  sterilized  after  a  plant  is  maile  and  allowed  to  cool  white  the 
other  three  are  being  u.sed  in  order. 

The  test  is  conducte<l  as  follows:  A  row  of  ten  wide  tubes  containing 
dilutions  of  the  antiseptic  is  placed  bi  the  water  bath  at  20°  C.  and  time 
allowed  for  them  to  reach  t  lie  temperature  of  the  l)ath.  They  are  then 
loculatetl  in  order  at  intervals  of  exactly  15  seconds.    Fifteen  seconds 
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after  the  last  tube  has  been  inoculated  a  subculture  is  made  from  the 
first  tube  of  the  series  (i.e.,  2^  minutes  after  this  first  tube  was  inocu- 
lated) and  from  the  other  tubes  in  order  at  15-8econd  intervals.  Fifteen 
seconds  after  this  first  series  of  subcultures  is  completed  a  second  series 
of  subculturesis  begun  which  willgivethe  result  of  a  5-minute  exposureto 
the  antiseptic  and  the  subinoculations  continued  at  15-6econd  intervals 
until  all  dilutions  have  been  tested  for  fifteen  minutes.  If  the  strength 
of  the  antiseptic  is  known  approximately  subcultures  of  the  lower  dilu- 
tions for  the  longer  periods  may  be  omitted.  It  is  convenient  to  have 
an  assistant  at  hand  to  call  time  and  to  label  the  subcultures  as  soon  as 
made.    The  tubes  may,  however,  be  placed  in  order  in  suitable  racks 

DETERMINATION  OF  THE  CARBOLIC-ACID  COEFFICLENT 
OF  A  DISINFECTANT. 

(Andebson  and  McCuNnc) 

Name "A" 

Temperature  of  Medication 20*  C. 

Culture  Used  B.  Typhosus 24-hr.,  Extract  Broth,  Filtered 

Proportion  of  Cta.TURE  and  Disinfectant 0.1  c.o.  +  6  c.o. 

Organic  Matter,  None;   Kind,  None;    Amount,  None. 

Subculture  Media Standard  Extract  Broth 

Reaction ; +  1.6 

Quantity  in  Each  Tube 10  c.c. 


Samide. 

Dilu- 
tion. 

Time  Culture  Kxp«ed  to  Action 
dI  DinnfKlsnt  for  Minutes 

Phenol  Caeffleleiit. 

2Vi 

G 

Tfa  !   10 

la'i 

15 

Phenol 

1:80 
1:90 

+ 

80)375 

1:100 

+ 

+ 

+ 

— 

— 

— 

4.60 

1:110 

+ 

-t- 

-t- 

-t- 

-i- 

— 

no)&» 

5.91 

Disinfectant  "A".. 

1:350 
1:375 

^ 

— 

_ 

2)10.60 

1:400 

+ 

— 

^ 

^- 

5.30  - 

1:425 

+ 

+ 

— 

— 

— 

^ 

coefficient 

1:450 

+ 

+ 

— 

— 

— 

— 

n.^oo 

-1- 

+ 

— 

— 

— 

— 

l:.-).50 

+ 

+ 

+ 

— 

— 

— 

1:000 

+        + 

+ 

+ 

— 

— 

1:650 

+    1    + 

+ 

+ 

+ 

— 

1:700 

+        +    '    + 

+ 

+ 

+ 

1:750 

+ 

+ 

+ 

+ 

+ 

+ 
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^without  labelling.     The  subculture  tubes  art-  iiuubutod  for  48  hours  at 
57°  C.  and  those  in  which  growth  is  observed  are  recorded  positive. 

Ti)  obtain  the  coefficient  the  weakest  dilution  of  the  unknown 
antiseptic  which  kills  in  2J  2  minutes  is  divided  by  the  weakest  dilution 
of  phenol  which  kills  in  the  same  time.     The  same  is  clone  for  the  weak- 
est strength  that  kills  in  l.'i  minutes  and  an  average  is  taken.     The 
^^esults  of  such  a  test  are  shown  in  the  table  on  page  82. 
^H      As  only  the  2}^minute  and  15-miiiute  intervals  are  used  in  deter- 
^Bnining  this  result  it  seems  unnecessary  to  make  (ijants  at  the  intervening 
^fc)eriods  except  in  special  cases  where  more  detailed  information  is  desin^. 
^B      The  proci^ure  may  W  modified  by  adding  some  organic  sul).stance 
such  as  killed  bacteria  to  the  diluted  antiseptic.     For  many  substances, 
i^c.g.,  bichloride  of  mercurj,  the  autisix'tic  value  iji  presence  of  organic 
aattcr  is  much  lower  than  in  watery  solution.     Anderson  and  McClintic 
asist  that  great  care  in  making  the  dilutions  and  rigid  adherence  to  a 
form  tcchnicjue  are  necessary  to  obtain  consistent  results  in  such  tests. 
Determination  of  Antisepiic  Values. — The  antiseptic  or  in- 
hibitive    strength    of    a    chemical    substance,    sometimes    spoken    of 
^_as    the    "coefficieat    of    inhibition,"    is    determined    by    adding    to 
^■definite    quantities    of    a    given    culture    medium,    graded    percent- 
ages  of  the  chemical  substance  which  is  being  investigated  and  ]>lant- 
ing  in  these  mixtures  equal  cjuiuitities  of  the  Imctcria  in  question. 
The  medium  usc<l  for  the  tests  may  Ije  nutrient  broth  or  melted  gelatin 
or  agar.     If  broth  is  used,  growth  is  estimatetl  liy  turbidity  of  the 
^metlium  and  by  morphological  examination;  if  (he  agar   or  gelatin  is 
iployed,  plates  may  be  poured  antl  actual  growth  observed. 
Thus,  in  the  case  of   carbolic  acid,  a  5  or  10  per  cent  solution  is 
prepared  and  adde<l  to  tubes  of  the  medium,  as  follows: 

Tube  1  contains  5%  carbolic     2  c.c.  +  broth  8      c.c.  =  1:1 ,000  carbolic  acid. 

1  c.c.  +  broth  0      c.c.  =  1 :  200         "  " 

.5  c.c.   +  bn.th  !*.5  c.c.  =  1:400  "  " 

7  c.c.  +  broth  9.8  c.c.  =  1:1,(X)0      "  " 

.1  c.c.   +  broth  9.«  c.c.  =  1:5,000      " 

To  each  of  these  tubes  a  definite  cjuantity  of  the  bacteria  is  added 
either  by  means  of  a  standard  loopf ul  of  a  fresh  agar  culture,  or  better  by 
a  mea-surcfl  volume  of  an  even  emulsion  in  sterile  salt  solution.  The 
inoculat.<tl  lubes  are  then  inculiatcd  :it  a  temperature  C(»rresponding  to 
the  optimum  growth  temiK'rature  fi>r  the  microorganism  in  question. 
The  tubes  arc  examined  for  growth  from  day  to  dtiy.  From  lubes 
containing  higher  dilutioiLs,  in  which  no  growth  is  visible,  transplants 
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INHIBITION  STRENGTHS  OF  VARIOUS  ANTISEPTICS. 
Adapted  from  FlOgge,  Leipzig,  1902. 


Acids 

Sulphuric 

Hydrochloric  . 


Sulphurous 
Arsenous. . . 
Boric   


Alkaues 
Potass,  bydrox. 


Ammon.hydrox. 
Calcium  bydrox.. 


Salts 

Copper  sulphate 
Ferric  sulphate 
Mercuric  chlorid . 
Silver  nitrate  . . . 


Potass,  pcrman 

Halogens  and  Compounds 

Chlorin 

Brotnin 

lodin 

Potass.  io<lid  

Sodium  chlor 


Organic  Compounds 

Ethyl  alrohol 

Acetic  and  oxalic  acids  . 
Carbolic  acid 


Benzoic  acid   . . . 
Salicylic  acid  . . . 
Formalin     (4% 
hyde) 


formalde- 


Camphor 1  :  l.(X)0 

Thymol   1  :  10,00() 

Oil  mentha  pip   1  :  .3,0()() 

Oil  of  terebinth j     1:8,000 

Peroxide  of  hydrofjen 


.\nthrax  Bacilli. 


1:3,000 
1:3,000 


1:800 


1:700 


1:700 


1 :  100,000 
1  :  60,000 

1:1,000 

1:1,500 
1:1,500 
1  : 5,000 


1:60 


1:12 


Other  Bacteria. 


Choi.  spir.  1 : 6,000 
B.  diph.  1  :  3,000 
B.  mallei  1 :  700 
B.  typh.  1  :  500 
Choi.  spir.  1:1,000 


B.  diphth.  1 :  600 
Choi.  spir.  1  :  400 
B.  typh.  1  :  400 
Choi.  spir.  1  :  .500 
B.  typh.  1 :  500 
Choi.  spir.  1  : 1,100 
B.  typh.  1:1,100 


B.  tyiAosai  1  :  60,000 

Choi.  spir. 

B.  tyi)hosus  1  :  50,000 


1  .800 

1  : 1,000 
1  :  1,500 


B.  diph.  I  :  500 
B.  typh.  1  :  400 
Choi.  spir.  1  : 0(X) 


'Choi.  spir.  1  :  20,(HX) 
Staphylo.    1  :  5,000 


Putrefactive  Bac- 
teria in  Bouillon. 


1:6,000 

1:200 

1:100 


1:1,000 

1:90 

1:20,000 


1:500 

1:4,000 
1  : 2,000 
1:5,000 
1:7 


1:10 
1:400 


1:1,000 


1:3,500 


1  : 2,(X)0 
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BACTEBICIDAL  STRENGTHS  OF  COMMON  DISINFECTANTS. 
Adapted  fkom  FlOqoe,  Leipzig,  1902. 


Strepto-  and 
Staphylo- 
cocci. 

Anthrax  and  Typhoid  Bacilli. 
Cholera   spirillum. 

Anthrax  Spores. 

S  Hioutes. 

6  Minutes. 

2-24  Hours. 

Acids 

Sulphuric 

1:10 
1:10 

1:100 
1:100 

1:300 
1:300 
1:1,000 

1  : 1,500 
1  : 1,500 
(Typhoid 
1:700) 
1:300   (Gas 
10  vol.  %) 
1:30 

1  : 50  in  10  days ' 
1  :  50  in  10  days 

Hydrochloric   

Sulphurous 

Sulphurous 

Boric 

Alkaueb 

Potass,  hydrox. 

Ammon.  hydrox. 

Calcium 

1:6 

Cone.  sol.  incomplete 
disinfection 

Salts 

Copper  sulphate 

Mercuric  chlor 

Silver  nitrate  

Potass,  permang. 

"Calcchlorid"   

1 :  10,000  to 

1,000 
1:1,000 
1:200 

1  :  20  (5  days) 
1: 2,000  (26  houre) 

1  :2()(1  day) 
1  :  20  (1  hour) 

1:2,000 

1  :  10,000 
1  :  4,000 

1:500 

Halooenb  and   Com- 

pounds 
Chlorin 

1  per  cent. 
1  :200 

.1  percent. 
1:1,000 

2  per  cent  (in  1  hr.) 
1  :  1,000  (in  12  hre.) 

Trichlorid  of  iodin. . . 

Organic  CoMPonNos 

Ethyl  alcohol  

Acetic  and  oxalic  acids 

Carbolic  add    

Lysol 

70%-I5 
minutes 

1:60 
1  :300 

70%-lOmins 

Cholera  1:200 
Typh.  1  :  50 
1:300 
1  :100 

1:20 
1  :200 

1  : 2-300 

1  .300 

1  : 3,000 

1  :  1,000 
1  :500 

Alcol.      50%    for     4 
months         without 
killing            spores. 
Koch.' 

1:20  (4-15  days) 
(at  40°  in  3  hrs.) 

Creolin 

(10%  in  5  hrs.) 

Salicylic  acid    

Formalin     (40%    for- 
maldehyde)     

Pferoxide  of  hydrogen  . 

1  :  1,000 

1  :10 
Cone. 

1  :  20  (in  6  hrs.) 
1  :  100  (in  1  hr.) 
3  :  100  (in  1  hr.) 

'  Koch.  Arh.  a.  d.  kais.  Gcsundheitsamt,  \,  \?»\. 
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are  made  to  dctprmine  the  presenw  of  living  bactoria  and  to  distinguish 
betwpt'n  inJiihition  or  antisepsis  ami  bacti'rial  tieath  or  disinfection. 

The  determination  of  the  bactericidal  or  disinfectant  value  of  a 
chemical  substance  upon  spores  may  be  ciuricd  out  by  a  variety  of 
methods.  Koch,'  using  anthrax  sixires  as  the  indicator,  dried  the  spores 
upon  previously  sterilized  threads  of  silk.  These  were  exposed  to  the 
disinfectant  at  a  definite  temperature  for  var>'ing  times,  the  disinfect- 
ant was  then  removed  by  washing  in  sterile  wat*r,  and  the  threads 
planted  upon  gelatin  or  blood  serum  media  antl  incuhate<l.  A  serious 
objection  to  this  method  was  jxiinted  out  by  Geppert,^  who  maintains 
that  it  is  impossible  by  simple  washing  to  remove  com))lctely  the  diahi- 
f ectant  in  which  tlic  thread  has  Ixtni  soaked.  This  author  suggests  that, 
whenever  possible,  the  disinfectant,  at  the  end  of  the  time  of  exposure, 
should  be  removed  by  chemical  means.  In  the  case  of  liichloride  of  mer- 
cury f  icpjx'rt  exposes  emulsions  of  the  bacteria  to  aqueous  solutions  <tf 
the  disinfectant,  antl  at  the  end  of  exposure  precipitates  out  the  bichlor- 
ide of  mercury  with  ammonium  sulphide.  In  the  case  of  a  large  number 
of  disinfectants,  liowever,  this  is  not  possilile,  and,  when  the  threatl 
method  is  u.^ed,  removal  of  the  ch<'mical  agent  by  washing  mast  be 
practised.  Complete  removal  of  the  disinfectant  is  especially  desirable, 
since  spores  previously  exposed  to  these  substances  are  more  ejisily  in- 
hibited liy  dilute  solutions  than  are  normal  spores.  The  spores  may  be 
dried  upon  the  end  of  a  glass  rod,  which,  after  ex]K>sure,  is  washed  in 
distilled  water  or  sjilt  solution  antl  then  immersed  in  sterile  broth.' 

A  simple  method  is  that  in  which  graded  percentsiges  of  the  di.sin- 
fectant  are  adde*l  to  the  men.struum,  blood,  blood  serum,  broth,  vU:.,  in 
which  the  ilisinfcctant  is  to  be  tf^iteil,  and  equal  quantities  of  bacteria 
thoroughly  emulsified  in  water  or  .salt  solution  are  added.  Loopfuls  of 
these  mixtures  are  then  planted  from  time  to  time  in  agar  or  gelatin 
plates  ui»n  which  colony  counts  can  aftenvard  be  maile. 

In  all  such  tests  it  is  im|xirtant  to  remetni)er  that  the  presence  of 
organic  fluids,  blood  s(»rum,  mucus,  etc.,  consideralily  alters  the  efficiency 
of  germicides,  and  whenever  practical  deductions  are  maile,  exyx-rimeutal 
imitation  of  the  actual  conditions  should  be  attem]ited. 

Practical  Disinfection. — In  practical  disinfection  with  chemical 
agents,  the  disinfectant  must  be  chosen  to  a  certain  extent  in  accordance 
with  the  material  to  be  disinfected. 

■  Koch,  Arb.  a.  d.  kais.  Gcsundhcitsamt,  1,  1.S.H1, 

*Geppai,  Berl.  klin.  Woch.,  xxvi,  1S89. 

•  Uiil,  Rep.  Am.  Pub.  Health  .\aaii.,  xxiv,  1888. 
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Sputum  is  a  substance  oxtromely  difRfult  tf)  disinfect  because  the 
bacteria  present  arc  surrouncUcl  by  clcns<*  cnvclojx-.s  of  mucus,  through 
which  disinfectants  do  not  easily  diffuse.  For  sputum  disinfection,  es- 
pecially tuberculous  sputum,  carlxjlic  acid — 5  per  cent  solution — or 
any  of  the  phenol  derivatives  in  similar  concentration,  may  be  used. 
Bichloride  of  mercur\'  is  of  vcrj'  little  use  in  sputum  disinfection  be- 
cause of  the  den.se  protective  layers  of  allvumiiiated  mercury  which  form 
about  the  microorganisms.  Sputum  should  ulwuys  he  received  into 
cups  containing  the  disinfectant,  atid  eonUiminated  handkerchiefs 
should  be  soaked  in  the  solution. 

Ff4X.s  from  typhoid,  dysenterj',  and  cholera  patients  should  Iw  steril- 
ized by  burning,  if  possible,  or  by  thoroughly  mixing  with  large  quan- 
tities of  boiling  water;  but  if  chemical  iJisinfectanta  arc  to  be  used,  five 
per  cent  carbolic  acid  or  dilute  formalin  are  convenient.  Milk  of  lime 
and  chloride  of  lime  are  useful,  though  somewhat  inconvenient.  Bichlo- 
ride of  mercury  is  of  little  value  in  this  case  for  the  same  reason 
that  it  is  valueless  in  sputum  disinfection.  In  all  ca-ses  of  feces  dis- 
infection it  is  extremely  important  that  the  chemical  agent  should  be 
addetl  in  large  quantities  and  thoroughly  mixed  with  the  discharge. 

Linen,  napkins,  and  other  cloth  nmlcrials  which  have  come  into  con- 
tact with  patients  .should  be  soaked  for  one  or  two  hours  in  one  i)er  cent 
formaldehyde,  five  per  cent  carbolic  acid,  or  1  : 5,000  or  I  :  10,(XK) 
bichloride  of  mercur>'.  After  this,  the  material  may  be  taken  from  the 
sick-room  and  boilwl.  It  is  extremely  important  that  cloth  material 
should  never  l)e  removed  from  the  sick-room  in  a  drj'  state. 

Urine  may  be  easily  disinfected  by  the  addition  in  iirojjer  con- 
centration of  any  of  the  disinfectants  named  al>ove. 

The  methods  for  sterilization  of  surgical  instruments  and  the  prepara- 
tion of  thesA'/'n  of  the  patient  for  operation  arc  subject  to  so  many  local 
variations  tliat  it  is  hanlly  within  the  scopeof  atext-book  on  bacteriology 
to  mention  them.  Metal  iastrumcnts  arc  usually  sterilized  by  boiling 
in  soda  solution  and  may  be  subsequently  immersed  in  five  jx^r  cent  car- 
bolic iicid  solution.  Catgut  may  be  sterilized  bj-  boiling  in  alcohol  or  by 
subjecting  it  to  temperatures  of  140°  C.  and  over,  for  several  hours  in 
oils  (albolin). 

The  disinfection  of  the  hands  is  also  a  matter  of  much  variation. 
Two  methotls  frequently  quoted  are  those  of  Welch  and  of  Ftirbringer. 

In  Welch's  method  the  hands  are  brushed  with  green  soap  in  water 
as  hot  as  it  can  Ix?  bonie  for  at  least  five  miimtes.  They  are  then  rinsed 
and  immersed  for  two  minutes  in  a  warm  saturatetl  solution  of  perman- 
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ganate  of  potash  in  vvliirh  they  arc  rubbed  with  a  sponge  or  sterile 
cotton.  They  arc  then  transferred  to  a  saturatcil  solution  of  oxalic  acid, 
until  the  red  coiur  tuis  I'lifircly  (lisiip])(';in'd.  Following  this,  they  are 
rinsed  in  sterile  wiiter  and  then  ininierscd  in  a  1  :  5t>0  bichloride  of 
mercury  solution  for  one  to  two  minutes. 

According  to  Fiirbrinper's  method,  the  finger  nails  are  carefully 
defined  with  an  orangf-woud  stick  or  nail  file;  the  hands  are  then  thor- 
oughlj'  brushed  with  a  nail  brush  in  green  soap  and  hot  water  for  five 
minutes.  Following  this  they  are  immersed  in  CO  (x-r  cent  alcohol  for 
one  minute,  then  in  3  per  cent  carbolic  acid  solution  for  one  minute; 
after  which  they  are  rinsetl  in  sterile  water  and  dried. 

Rooms,  dascts,  and  other  closed  spaces  which  are  contaminatetl,  must 
Ije  disinfected  largely  by  gaseous  disinfectants.  After  such  disinfection 
in  the  case  of  cellars,  privies,  and  other  places  where  feasible,  walls  and 
ceilings  .should  be  whitewasheil. 

Gaseous  Disinfectants  for  Purposes  of  Fumigation. — There  are  a 
large  number  of  gaseous  agents  which  are  harmful  to  bacteria.  Only  a 
few,  however,  are  of  sufficient  bactericidal  strength  to  be  of  practical 
importance. 

Oxygen,  especially  in  the  nascent  state,  may  exert  distinct  bacteri- 
cidal action  upon  some  bacteria.  That  strictly  anaerobic  strains  are 
inhibited  by  its  presence  has  already  l>een  mentionctl. 

Ozone  was  shown  by  Ransomc  and  FuUerton  '  to  exert  coasiderablc 
germicidal  power  when  passed  through  a  liquid  medi\m»  in  which  bac- 
teria were  suspended,  but  was  absolutely  without  activity  when  em- 
ployed in  the  dry  state. 

Chlorine  because  of  its  powerful  germicidal  action  was  once  looked 
ujwn  with  favor,  but  has  been  found  quite  inadiHjuate  from  a  practical 
point  of  view  because  of  its  injurious  action  upon  materials,  and  its 
irregularity  of  action.  Chlorine,  too,  is  but  weakly  efficient  unless  in 
the  presence  of  moisture.^ 

Sulphur  dioxide  or  sulphurous  anhydrid  (SOj),  formerly  much  used 
for  room  disinfection,  is  no  longer  regarded  as  uniformly  efficient  for 
general  use.  The  gsvs  is  produced  by  burning  ordinary  roll  8ul|jhur, 
conveniently  in  a  Dutch  oven.  To  be  at  all  effective,  water  should  be 
vaporized  at  the  same  time,  since  the  disinfectant  action  is  dependent 
upon  the  formation  of  sulphurous  acid.  The  concentration  of  the  gas 
should  be  at  least  8  per  cent  of  the  volume  of  air  in  the  room.    For  this 


iRanaome  ond  FuUerton,  Rep.  Public  Health,  July,  1901. 

>  Fitcher  and  Proskauer,  Mitt.  a.  d.  kais.  Gesuadheitaamt,  x,  11,  1882. 
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f)urposc  al>out  thriH'  pounds  <tf  sulphur  slioulil  hr  l)urnp(l  for  every 
"thousiind  ruhic  feet  of  space.  It  should  l)c  allowed  to  act  for  not  lesa 
llian  twenty-four  hours.  The  researches  iKjth  of  Wolffhiigel '  and  of 
Koch  ■  have  shown  that  the  gas  is  not  sufficient  for  the  destruction  of 
spfjrcs.  Park"  believes  that  sulphur  dioxid  used  in  quantities  of  four 
poumis  of  sulphur  to  l,fK)0  cubic  feet  is  of  practical  value  for  fumigating 
purposes  iu  cii«"s  of  diphtheria  and  tin'  exanthemata.  8ul[)hur  )iioxid 
ifumigation  is  more  effective  than  fonnaldeliyd  for  the  destruction  of 
Insects — fleas,  lice  and  lieflbugs — a  matter  of  importance  in  epidemics 
of  typhus  fever,  relapsing  fever,  i>lague,  etc. 

Of  all  known  gaseous  disinfectants  by  far  the  most  reliable  is  fomi- 
aldehyd.     In  all    cases  where    fonnaldehyd    fumigation    is    mtended, 

E clothing,  l)e<l-linen,  and  fabrics  should  be  spread  out,  cupboards  and 
idrawers  freely  opened.  The  cracks  of  windows  and  doors  should  be 
hennetically  sealed  with  paper  strips  or  by  calking  with  cotton.    In  all 

Fsises  moisture  should  be  provided  for,  either  in  the  generating  appa- 
ratus or  by  a  separate  Iwiler. 

Direct  evaporation  of  fomialdehyd  from  formalin  solutioas  ha.s  been 
the  principle  underlj'ing  most  of  the  methods.     If  such  evaporation  is 

r  attempted  from  an  open  vessel,  however,  poljTiierization  of  formal- 
Jehyd  to  the  solid  trioxjmethylenc  occurs.  To  prevent  this,  Trillat* 
id  others  have  constructed  special  autoclaves  in  which  20  per  cent  of 
calcium  chloride  is  added  to  fonnalin  which  is  then  vaporized  under 
pressure. 

The  Trillat  autoclave,  as  well  as  others  constructed  on  the  same 

principle,  consi.st.s  of  a  strong  copper  cliaml)er  of  a  capacity  of  alxiut  a 

gallon,  fitted  with  a  cover  which  can  be  tightly  screwed  uito  place. 

The  cover  is  perforated  by  an  outlet  vent,  a  pressure  gauge,  and  a 

thermometer.    The  whole  apparatus  is  atljusted  upon  a  staml  and  set 

over  a  kerosene  lamp.    Inttt  the  chamber  is  put  about  one-lialf  to  three- 

■flu.arters  its  capacity  of  40  per  cent  fonnaldehyd  (commercial  formalin) 

^Bontaining  15-20  per  cent  calcium  chlorid.      The  solution  used  should 

^Ble  free  from  methyl  alcohol,  since  this  leads  to  the  formation,  with 

^■onnaldehyd,   of    methylal,   which    is    absolutely   without   germicidal 

^^tetion.    For  a  room  of  about  3,000  cubic  feet  Trillat  advises  the  con- 
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>  WalffhUgtl,  Mitt.  a.  d.  kais.  Gesundheitsamt,  i,  1881. 
*  Koch,  Mitt.  a.  (i.  kais.  Gesuodheitsanit,  i,  ISSl. 
»Park,  "Pathogen.  Bact.,"  N.  Y.,  1908. 
«  Trillal,  Cumpt.  rond.  de  I'acad.  dcs  ac.,  1896. 
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tiiiuance  of  the  gas  flow  for  about  an  liour.    Thi*  riR-thod  is  not  uni- 
formly rdialile. 

A  niothod  \vhi<*h  \\as  found  inurli  favor  is  that  in  which  Rlycerin — 
usually  in  a  concentration  of  10  per  cent — is  added  to  fornialin.    Ac- 
cording   to    Schlossmann '    the    presence    of 
glycerin    hinders   poljinerization.      An   ap|)a- 
ratus  in  which  tliis  mixture  is  conveniently 
utilized  is  that  of  Lentz  (see  Fig.  12).     For- 
malin  with    10   per   cent   glycerin    is   placed 
in  the  copper  tank  and  heated  hy  a  burner. 
This  apptiratus  has  been  favorably  endorsed 
by  the  War  Department  of  the  United  States, 
The  so-called   Breslau  method  of  generat- 
ing fomialdehyd  clepentis  upon    the    evapora- 
tion of  formaklehyd  from  dilute  solutions,    v. 
Brunn  -  claims  that  where  fonnalin  in  30  In  40 
per  cent  strength  is  evaporated,  water  vapor 
Fro.  12.— Lentz  Formaujj   is  gencratetl  more    rapidly  than   fomiaUlehyd 
Apparatu.s.  is  liberated,   and  a  concentration  leading  to 

poljineriitation  occurs.  If,  however,  dilution 
is  carried  out  until  the  fomialdehyd  in  the  solution  is  not  more  than 
8  per  cent,  the  generation  of  water  vapor  and  formaldehyil  take 
place  at  about  equal  speed  and  no  concentration  occurs.  Schlossmann  ' 
furthermore  claims  that  polTOicrization  in  the  vaporized  fonnaklehyil 
does  ncjt  occur  if  sufficient  water  vapor  is  present — -a  priiu'iple  whit^h 
may  also  contribute  to  the  efficiency  of  the  Breslau  mcthoti.  In  prac- 
tice, the  apparatus  devi.sed  by  v.  Brunn  (Fig.  13)  eon.sists  of  a  strong 
copper  kettle  of  alxtut  34  cm.  diameter  by  7.5  em.  height.  This  is 
completely  closed  except  for  two  openings  in  the  slightly  domed  top, 
one  of  which  is  the  exit  vent,  the  other,  laterally  placed,  is  for  pur- 
poses of  filling  and  is  closed  by  a  screw  stopper.  The  tank  is  filled 
with  a  solution  of  formalin  of  a  strength  of  from  8  to  10  per  cent  (com- 
mercial formalin  1:4).  The  apparatus  pennits  the  evaporation  of 
large  quantities  of  fluid  in  a  short  time  (3  liters  in  one  hour).  When 
the  lamp  is  left  in  a  closed  hmjiu  care  should  be  taken  to  fill  it  with 
a  quantity  of  alcohol  pro|M)rtionate  to  the  amount  ol  fluid  to  be  evap- 
orated.    This,  according  to  v.  Brunn,  is  about  one-quarter  of  the 


^SMoumann,  Mflnch.  mcd.  Woch.,  45,  1898. 
'  0.  Brunn,  Zcit.  f.  Ilyg.,  xxx,  1899. 
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volume  of  formalin  solution  used.       By  using  1.5  liters  of  8  per  cent 

'omialin  for  each   1,000  cubic  feet  of  sptice,  this  appfinitus  is  said  to 
Hilaconcentrutionof  fomuiidehyd  of   ahout  25  grams  to  the  cubic 

meter. 

To  do  away  with  the  u.'^c  of  liquid,  a  method   lias   been   deviseil 
Inch  depends  in  principle  upon  tlie  breaking  up  by  Ijeat  of  the  solid 

polymer    of    formaUleliyd    (tri- 
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Fia.  13. — Breslau  Formaldehtd  Gen- 
erator AND  Section  of  Same.  (After  v. 
Bnuin.)    a.  Inlet ;  fc,  Exit  vent. 


BXjTuethylene).    The  apparatus 
(trade  name,  "Schering's  Para- 
form  I.Amp")  as  described   by 
ron.'^on  '  consists  of  a  cylindri- 
il  mantle  of  sheet-iron  i)laced 
upon  a  stand  and  supplied  Ix^ 
low  with  an  alcohol  lump.    Set 
into  the  top  of  the  mantle  i.s  a 
^knall    chamber,    into   which    1 
IVpnm  tablets  of  trioxjTnethylonc 
"iw  placed.    The  alcohol  lamp, 
so  placed  that  the  wicks  project 

but  slightly — to  avoid  overheating — is  lighted,  and  the  formalin  gen- 
erated passes  out  through  slits  in  the  upper  case,  mingling  with  the 
ater  vapor  and  other  gases  liberated  by  the  alcohol  flame.    The 
ore  modern  devices  have  water-boiler  iittachmcnts  to  iasure  suffi- 
ent  moisture.    Two  tablets  are  sufficiertt  for  the  fumigation  of  about 
thirty-five  cubic  feet,  and  2  c.c.  of  alcohol  are  filled  into  the  lamp  for 
each   tablet.     One   hundred   to    one    hundred   and   fifty  tablets   are 
usually  enough  for  the  ordinary  room. 

p      A  simple  method  ef  generating  fomialdehyd  is  that  which  is  known 

as  the  "  lime  method."     In  a  wide  shallow  pan  40  per  cent  forraalde- 

hy<i  solution  (commercial  formaldin)  is  poun^  over  quicklime  (CaO). 

he  previous  adcUtion  of  concentrated  sulphuric  acid  to  the  formalin,  in 

irop<irtions  of  one  to  ten,  increases  the  epeetl  of  fonnalin  lilieratinn,  and 

lis  in  limiting  polj-merizat ion.    One  and  one  half  (u  two  poumls  (une- 

If  to  one  kilogram)  of  quick-lime  are  used  for  everj-  500  c.c.  of  the  for- 

in  solution.    The  heat  generated  in  the  slaking  of  the  lime  prothyies 

latilizalion  of  the  fonr.al'n. 

A  modification  cf  t.'iis  method  is  that  of  Sobering  -  in  which  tal>- 
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lets  of  paraform  and  unslaked  lime  are  together  laid  into  a  pan  and 
warm  water  is  poureil  over  them. 

A  very  simple  method  is  the  potassium  pennanganat*  method  of 
Evans  and  Russell.'  This  method  depends  upon  the  aetive  reaetion  oc- 
curring when  formalin  ami  potiissium  permanganate  are  mixed.  Per- 
manganate is  placed  into  a  bucket  and  the  formalin  poured  over  it.  The 
bucket  should  be  large  enough  to  prevent  overflowing  when  the  mixture 
foams.  Special  gahanized  iron  pails  are  made  with  funnel-shaped  tops, 
and  pails  should  Ix'  placed  on  a  piece  of  iron  sheeting  or  l>ricks  to  prevent 
overheating  of  the  floor;  500  e.e.  of  commercial  formalin  and  2oO  grams 
of  potassium  manganate  should  he  used  for  every  l,OtX)  cu.  ft. 

The  room  in  which  formaldehyd  has  l>een  liberated  is  kept  sealed,  in 
the  manner  alreadj'  described,  for  at  leiist  twelve  hours,  after  which  the 
wimlows  and  doors  are  opened.  The  odor  which  remains  after  formalde- 
hyd fumigation  may  be  removed  by  sprinkling  with  anunonia,  or  by 
the  use  of  some  one  or  another  of  the  various  sorts  of  apparatus  de- 
vised for  the  lilicratitm  of  anunonia. 

For  the  destruction  of  rodents,  hydrocyanic  acid  gas  is  used  in  the 
fumigation  of  ships  and  houses.  This  is  of  especial  importance  in  con- 
trolling «u<rh  disease.s  as  plague.  Recently  Creel,  Fsigct,  and  Wrightson, 
of  the  United  States  Public  Health  Service,  have  studied  this  method. 
They  found  hydrocyanic  acid  gas  is  more  penetrating,  more  toxic,  and 
more  easily  applied  than  either  sulphur  tUoxid  or  carbon  monoxid.  5  oz. 
of  powderetl  potassium  cyanid  per  1 ,000  cu.  ft.  of  space  was  sufficient  to 
kill  rodents.  The  ga.s  is  produced  by  dropping  the  potassium  cA'aiiid  into 
sulphuric  acid  of  a  specific  gravity  of  1.84,  or  commercial  grade  66B. 
The  gas  is  as  effective  for  insects  as  it  is  for  rodents.  The  element  of 
danger  to  human  life  must  l)e  always  consideretl  in  carrj'iug  out  such 
fumigation,  l)ut  the  WTiters  referred  to  lielii-ve  that  tlierc  is  no  danger 
to  men  ent^-ring  a  place  fumigated  in  this  way  30  minutes  or  longer  after 
the  apertures  have  been  opened.  For  the  fiunigation  of  the  hol<!  of  a 
ship,  Creel,  Faget,  and  Wrightson  '  use  an  orttinary  woo<len  !>arrel,  into 
the  top  of  which  is  placed  a  large  galvanized  iron  funnel.  The  cyanid,  in 
5-gal.  tins  with  top  removed,  may  be  attached  to  the  funnel  and  dumped 
into  the  sulpliuric  acid  by  means  of  a  rope  attached  to  the  tin,  after  the 
barrel  has  Ijeen  lowered. 

'  Evana  and  RumcU,  Rep.  State  B.I.  Healtli,  Maine.  1904. 

'  Crtfl,  Fagct,  and  Wrighlnon,  United  States  Public  Health  UeporU,  Vol.  30,  No. 
89,  Dec.  3,  1915. 
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AILTHODS  USED   IN   THE   MICHOSC^OPIC  STUDY   .\ND   STAINING 

OK  BACTKRIA 

MICROSCOPIC   STUDY   OF   BACTERIA 

Bactekia  may  Ix'  studied  niicroscopicidly,  in  the  living  nnd  un- 
tiiincd  state,  and,  after  the  :ijjpIicrttion  of  dyes,  Lii  coinred  prepanitirjns. 
?or  the  manipulation  of  bacteria  for  such  study,  glass  slides  and  cover- 

h\ip»  of  various  design  are  used.    These  must  bo  perfectly  clean  if  the 

'preparations  are  to  be  of  any  value.' 

The  Study  of  Bacteria  in  the  IJving  State.— Living  bacteria  may  be 
studied  in  what  is  spoken  of  as  the  "  hangiiig-drup "  preparation. 
For  this  purpose  a  so-caOed  hollow  slide  is  employed,  iu  the  center  of 
which  there  u  a  circular  concavity  about  three-quarters  of  a  centimeter 
to  one  centimeter  hi  diameter.  The  preparation  is  mani|)ulutefl  as 
follows:  If  the  bacteria  are  growing  in  a  fluid  medium  a  ilinp  of  the 
culture  fluid  is  transferred  to  the  center  of  a  cover-^lip.  If  taken  from 
solid  media,  an  emulsion  may  Ix"  made  in  broth  or  in  physiological  salt 
solution,  and  a  drop  of  this  transferred  to  the  cover-slip,  or  the  bac- 
teria may  be  emulsified  in  a  drop  of  salt  solution,  or  broth,  directly  upon 
the  cover-slip.     The  concavity  on  the  slide,  having  fii-st  been  rinnned 

'■with  vaseline,  by  means  of  a  small  canuTs-hair  bnish,  the  euver-slip  is 
inverted  over  the  slide  in  such  a  way  tliat  the  flrop  hangs  freely  within 
tlio  hollow  space.    The  preparation  is  then  ready  for  examination  under 

^tlic  microscope. 

'  All)ioiii;h  the  siliratPs  of  wiiirh  pliLss  i.s  ciitn|>o«Ltl  arc  oxtromely  stulilc,  nevcr- 

thi'lo.'is  alkiiline  si1icato«  wliicli  nre  siiiil  to  scparafe  out  on  Itie  hurfriw,  top!ther  with 

tprosc  anJ  ilirt  left  ii[iiin  tlu;  uliuw  hy  liiimlliiig,  iliiriii);  blowing  :ia(l  futliiig,  iieoes- 

raitntc  cleiumitiK  In-fore  use.    Tliis  niiiy  tx- iK-cdiiiiilislicd  liy  a  viirii  ly  of  niellioils.    A 

sinifilc  otic  fniilable  for  (lenerai  njijilii-ation  i.s  hh  follows:    i  I)  'I'tie  sliilcs  mul  cover- 

sli|>a  are  thrown  sinidy  itilo  IxjiliiiR  wattT  ami  lift  there  for  half  ;ui   hour;  (!')  wash 

[in    lw«'nty-fivc  per  ct-nt  .srilplniric  acid;    (3)  rinse  in  (ii.stillwl  water;    (1^   wn.sh  in 

'  •]<H)liol;   (o)  wific  with  a  I'U'.in  rioth  ami  keep  <lry  under  a  l»-ll-jar.    .Anothor  nirthoti 

!  fionvenicut   for   routini"  iiac  is    to  immerse,   after  (honiimh  wa.»liiiiK  in  soap-suds 

[Vnd  add,  in  ninety-five  per  cent  alcohol  and  to  leave  in  tliLs  u'lii!  the  lime  of  use. 
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Another  method,  known  as  the  "  hanging  block  method,"  devised  by 
Hill,'  for  the  study  of  living  bacteria  in  solid  media  is  carried  out  as  fol- 
lows: Nutrient  agar  is  poured  into  a  Petri  dish  and  allowed  to  solidify. 
Out  of  this  layer  a  piece  about  a  quarter  of  an  inch  square  is  cut.  This 
is  placed  on  a  sterile  slide.  The  upper  surface  of  the  agar  block  is  then 
inoculated  with  bacteria  by  surface  smearing,  and  the  preparation 
covered  with  a  sterile  dish  and  allowed  to  dry  for  a  few  minutes  in  the 
incubator.    A  sterile  cover-slip  is  then  dropped  upon  the  surface  of  the 
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block  and  sealed  about  the  edges  with  agar.  Block  and  cover-slip  are 
then  taken  from  the  slide  and  fastened  over  a  moist  chamber  with  paraf- 
fin. The  entire  preparation  can  be  placed  upon  the  stage  of  a  microsocpe. 
This  method  is  especially  designed  for  the  study  of  cell-division. 

Living  bacteria  may  also  be  studied  in  stained  preparations  by  the 
so-called  "  intravital "  method  of  Nakanishi.  Thoroughly  cleaned  slides 
are  covered  with  a  saturated  aqueous  solution  of  methylene-blue.  This 
is  spread  over  the  slide  in  an  even  film  and  allowed  to  dry.  After  drying 
the  slide  should  appear  of  a  transparent  sky-blue  color.  The  micro- 
organisms which  are  to  be  examined  are  then  emulsified  in  water,  or  are 
taken  from  a  fluid  medium  and  placed  upon  a  cover-slip.  Thisis  dropped, 
face  downward,  upon  the  blue  groun  1  of  the  slide.  In  this  way  bacteria 
may  be  stained  without  being  subjected  to  the  often  destructive  pn^c- 
csses  of  heat  or  chemical  fixation,  .\ccording  to  Nakanishi,  cytoplasm 
•s  stained  blue,  while  nuclear  material  assumes  a  reddish  or  purplish 
hue. 

The  Study  of  Bacteria  in  Fixed  Preparations. — Stained  preparations 
of  bacteria  are  best  prepared  upon  cover-slips,  the  process  consisting  of 
the  following  stops:  (1)  Spreading  on  cover-slip;  (2)  drying  in  air;  (3) 
fixing;  (1)  staining;   ("))  washing  in  water;  (6)  blotting;   (7)  mounting. 

(1)  Sinmrinfj. — Bacteria  from  a  fluid  medium  arc  transfcrn;d  in  a 
small  drop  of  the  fluid,  with  a  platiniuti  loop,  to  a  cover-slip  and  care- 
fully spread  over  the  surface  in  a  thin  film.  If  taken  from  a  solid  medium 
a  small  droj)  of  sterile  water  is  first  placed  upon  tlu;  covor-slip  and  the 
bacteria  are  then  in  very  small  (juantity  can-fully  enmlsified  in  this  tlrop 
with  the  platinum  needle  or  loop  and  spread  in  an  exti-emely  thin  film. 


■  Hill.  Jour,  of  Med.  Research,  vii,  1902. 
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;)  The  film  is  hUowcmJ  to  dry  in  the  air. 

(3)  When  thoroughly  dried,  fixation  is  carried  out  by  passing  the 
paration,  film  side  up,  three  tunes  through  a  Bunsen  flame,  at  about 

the  rate  of  a  {)enduluin  swing.  Fixation  by  heal  in  this  manner  is  most 
convenient  for  routine  work,  but  is  not  the  most  delicate  method,  in- 
asmuch as  the  degree  of  heat  applied  can  not  be  accurately  controlled. 
The  other  methods  which  may  Ik-  etnplovcd  arc-  inunersion  in  methyl 
alcohol,  fonnidin,  saturated  a(4ueous  bichloride  of  mcreurj-,  Zenker's 
fluid,  or  acetic  acid.  If  chemical  fixatives  are  used,  they  must  be  re- 
moved by  washing  in  wat«r  Iwfore  the  slain  is  applied.  If  a  prepara- 
tion is  made  upon  a  slide  instead  of  a  cover-slip,  passage  through  the 
flame  should  be  repeated  eight  or  nine  times. 

(4)  Staining. — The  dyes  used  for  the  staining  of  bacteria  arc,  for 
the  greater  part,  basic  anilin  dyes,  such  as  mcthyleue-blue,  gentian- 
violet,  and  fuchsin.  These  may  be  applied  for  simple  staining  in  5 
per  cent  aqueous  solutions  made  up  from  filtered  saturated  alcoholic 
solutions,  or  directly  by  weight.  They  are  conveniently  kept  in  the 
laboratory  as  saturated  alcoholic  solutions.  The  strengths  of  some 
saturated  solutions  are  as  follows: 


Saturated  Solutions  *  (Stains  Gniebler  or  Merck). 

Fuchain  (aqueous),  1.5  per  cent. 

Fuchsin  (alcohol  96  per  cent),  3  per  cent. 

Gentian-violet  (aqueous),  1.5  per  cent. 

Gentian-violet  (alcohol  'M  per  cent) ,  4.8  per  cent. 

Methylene-blue  (aqueous),  6.7  per  cent. 

Methylene-blue  (alcohol  9G  per  cent),  7  i>er  cent. 

The  staining  solution,  in  simple  routine  staining,  is  left  upon  the  fi.xed 
cterial  film  for  from  one-half  to  one  and  one-half  minutes  according  to 
be  efficiency  of  the  stain  u.s(.nl.  Methylcne-bluc  is  the  weakest  of  the 
iree  stains  mentioned;   gentian-violet  the  strongest. 

(5)  The  excess  stain  is  removed  by  washing  with  water. 

(G)  The  preparation  is  thorouglily  dried  by  a  blotter  or  between 
fcyera  of  absorbent  paper. 

(7)  A  anall  drop  of  Canada  balsam  is  placed  upon  the  film  side  of 
ie  dr>-  cover-slip,  which  is  then  inverted  upon  a  slide.  The  prepara- 
aon  is  now  ready  for  microscopical  examination. 


>  After  Wood,  "  Ciiemieal  and  Microscopical  Diagnoeis,"  Appendix.    N.  Y.,  1908. 
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The  chemical  principles  which  underlie  the  staining  process  are  still 
more  or  less  in  doubt.'  Suffice  it  to  say  here  that  most  of  the  dyes  in 
common  u.se  by  ViacU'rioiogista  an<l  pathologists  are  coiil-tar  derivatives 
belonging  to  tlie  aromatic  serifs,  all  of  thcni  containing  ut  least  one 
"bonzolring"  combined  with  what  Michaelis  terms  a  "chromophorc 
group,"  chief  among  wliich  are  the  nitro-group  (NO,),  the  nitroso-group 
(NO),  and  theazo-group  (N  =  X).  Just  what  the  actual  process  of  stain- 
ing consists  in,  is  a  question  about  which  various  opinions  are  held,  some 
believing  that  the  iihenomenon  is  puni'ly  cliemiral,  in  which  a  salt  is 
formed  by  the  combination  of  the  dye  and  the  protophism  of  the  cells, 
others  that  there  is  no  such  salt  fonnation,  and  that  the  process  takes 
place  by  purely  physical  means.  To  support  the  latter  view  it  is  argued 
that  certain  substances  like  cellulose  are  stainable  without  possessing 
the  property  of  salt  fonnation,  and  that  staining  may  often  be  accom- 
plished without  there  being  a  cliemical  disniption  of  the  dye  itself. 
Michaelis  sums  up  his  views  by  stating  that  probably  both  processes 
actually  take  place.  A  dyo  stuff,  as  a  whole,  may  enter  into  and  be  de- 
posited upon  a  tissue  or  cell  by  a  process  whicli  he  speaks  of  as  "  Insorp- 
tion."  In  such  a  case  the  coloring  matter  may  be  subsequently  ex- 
tracted by  any  chemically  indifferent  solvent.  On  the  other  hand,  a  dye 
after  l>cing  thus  deposited  upon  or  within  a  cell,  may  become  chemically 
uiuted  to  the  protopliusin  by  the  fonnation  of  a  salt,  and  in  such  a  c;isc 
the  color  can  be  removed  only  by  agents  which  are  capable  of  dccoty- 
posing  salts,  such  as  free  acids. 

The  staining  power  of  any  solution  may  be  intensified  either  by 
heating  while  staining,  by  prolonging  the  staining  process,  or  by  the 
addition  of  alkalies,  acids,  anilin  oil,  and  other  substances  which  will 
be  mentioned  in  the  detailed  descriptions  of  special  staining  metliods. 

One  of  the  most  common  examples  of  such  an  intensified  stiiin 
is  the  so-called  Loeffler's  alkcdine  melkylene-bluc.  This  is  made  up  in 
the  following  way: 

Saturat«d  alcoholic  BohiUon  of  methylenc-hluc,   30  c.c. 
1  :  10,000  solution  potassium  hydrate  in  wiit*T,  100  o.o. 

Another  solution  designed  with  a  similar  purpose  is  the  Koch-Ehrlieh 
aniiin-water  soliUiun.  Anilin  oil,  one  part,  is  shaken  up  with  di.s- 
tilled  water,  nine  parts;  after  thorough  shaking,  the  mixture  is  filtennl 


'  For  coniprphensive  reviews  of  the  ."iiiUjcct.  the  reader  is  rcf<*rre<l  to  disacrtations 
such  as  those  of  Mann  ('•  Physiol.  Hist.  .Mrthods  aud  Theory,"  Oxford,  1002)  and 
o{  Michadi*  ("  EinfUhrung  in  die  Farbstoffchemic,"  etc.,  BerUn,  1002). 
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throuRh  a  moist  filter  paper  until  perfectly  clear.  A  saturated  alfo- 
hfilic  solution  of  either  fuchsiii  or  pwnfiim-vinlct  is  adilci]  to  this  aiiilin 
water  in  proportions  of  about  one  to  tni  ur  until  a  slightly  iritleaeent 
pellicle  appears  upon  the  surface  of  the  solution. 

-An  extremely  u.'*('ful  and  very  strong  staining  solution  is  the  Ziehl 
caTbol-jxiclusin  solution,  made  up  as  follows: ' 

FHchsin  (1>asic) 1  gm. 

Alcohol  fshsolute) 10  c.c. 

Five  per  cent  carbolic  acid     KXJ  o.c 

To  make  up  this  staining  solution,  mix  tX)  c.c.  of  a  five  per  cent  aque- 
ous solution  of  carbolic  acid  with  10  c.c.  of  saturated  alcoholic  basic 
fuchsin. 

It  may  also  be  made  up  as  follows: 

Weigh  out 

Basic  fuchsin 1  gram 

Cai+iolic  acid 5  grams 

Dissolve  in 

Distilled  water 100  c.c. 

Filter  and  add 

Absolute  alcobol 10  o.c. 

SPECIAL   STAINING    METHODS 


Spore  Staios. — Abbott's  Method.' — Cover-.slip.>i  are  smeared  and 
fixed  by  heat  in  the  usual  manner. 

Cover  with  Ix»effler's  alkaline  mothylene-hlu<'  and  hoat  the  stain 
until  it  Ixtils,  repeat  the  heating  at  intervals  but  do  not  boil  continuously. 
Keep  this  up  for  one  minute. 

Rinsc!  in  water. 

Decolorize  with  a  mixture  of  alcohol  eighty  per  cent  98  c.c.  and  nitric 
acid  2  c.c,  until  all  blue  has  disappeared. 

Rinse  in  water. 

Dij)  from  three  to  five  seconds  in  saturatetl  alcoholic  solution  of 
eosin  10  c.c,  and  water  90  c.c. 

Rinst^  in  water,  blot,  and  mount  in  balsam. 

By  this  melhotl  the  spoivs  are  stained  blue,  the  bodies  of  the  bacilli 
are  stained  pink. 

>  Ziehl,  Deut.  med.  Woch.,  1882.  >  A bbolt,  "Prin.  of  Bnot.,"  Phila.,  1905. 
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Moelleh's  Method.' — Cover-slips  are  prepared  as  usual  and  fixed 
in  the  flame. 

Wash  in  chloroform  for  two  minutes. 

Wash  in  water. 

Cover  with  five  per  cent  chromic  acid  one-half  to  two  minutes. 

Wash  in  water.  Invert  and  float  cover-slip  on  carbol-fucbsin  solu- 
tion in  a  small  porcelain  dish  and  heat  gently  with  a  Hume  unt  il  it  steams; 
continue  this  for  three  to  five  minutes.  (This  step  can  also  l)e  done  by 
covering  the  cover-glass  with  carbol-fuchsin  and  holding  over  flame.) 

Decolorize  with  five  per  cent  sulphuric  acid  five  to  ten  seconds. 

Wash  in  water. 

Stain  with  aqueous  methylene-bluc  one-half  to  one  minute.  By 
this  method  spoit's  will  be  stained  reil,  the  body  blue. 

Oapsale  Stains. — Welch's  Method.' — Cover-slips  arc  prepared  as 
utsual  but  dried  without  heat. 

Cover  with  glacial  acetic  acid  for  a  few  seconds.  Pour  off  acetic  acid 
and  cover  with  anilin  water  gentian-violet,  renewing  .stain  repeatedly 
until  all  acid  is  removed.  This  is  done  by  pouring  the  stain  on  anfl  off 
three  or  four  times  and  then  finally  leaving  it  on  fur  about  thrci-  minutes. 

Wash  in  two  per  cent  salt  .solution  and  examine  in  this  solution. 

Hiss'  Methods.' — (1)  Copper  Sulphate  MeOiod. — Cover-slip  prepara- 
tions are  made  by  smearing  the  organisms  in  a  drop  of  animal  serum, 
preferably  beef-blood  serum. 

Dry  in  air  and  fix  by  heat. 

Stain  for  a  few  .seconds  with — 

Saturated  alcoholic  solution  of  fuchsin  or  gentian-violet  5  c.c,  in 
distilled  water  95  c.c. 

The  cover-slip  is  flooded  with  the  d)'e  and  the  preparati-jn  held  for  a 
second  over  a  free  flame  until  it  steams. 

Wash  off  dye  with  twenty  per  cent  aqueous  copper  sulphate  solution. 

Blot  (do  not  wii.sh). 

Dry  and  mount. 

By  this  method  {xsrmanent  preparations  are  obtained,  the  capsule 
appearing  as  a  faint  blue  halo  arounti  a  dai'k  purjile  cell  boily. 

Huntoon's  Capsule  Stain  (applicable  only  to  cultures,  not  to 
animal  exudates). — This  depends  upon  the  precipitating  action  of 
lactic  acid  on  nutrose.     Keipiires  two  solutions. 


^MorUer,  Cent.  f.  Bakt.,  I,  x,  18!H. 

>  Welch,  Johns  Hopkins  Hosp.  Bull.,  1892,  iii,  81. 

■  Uiu,  Cent.  f.  Bakt.,  wcxi,  1902;  Jour.  Exper.  Med.,  vi,  1905. 
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1.  Diluent. — 3  |>er  cent  solution  of  nutrose  in  dislilieiJ  wat«r;  place  in  Arnold  one 
hour,  add  a  smiill  amount  of  cju-bolic  us  preservative,  and  allow  to  selttc. 

2.  Stain  and  fixative. — 2  percent  carbolic,  100  ex.;  concentrated  lactic  acid,  0.5 
C.C.;  1  per  cent  acetic  acid,  1  c.c;  saturated  alcoholic  solution  basic  fuchsin,  1  c.c; 
carbol  fuchsin,  1  c.c. 

As  to  the  dye  employed,  moet  anything  but  methylene  blue  or  Bismarck  brown 
may  be  uaeii.  Methyl  violet  gives  the  moat  beautiful  results  but  is  not  permanent 
and  will  not  photograph.  I  have  found  the  above  mixture  the  best  for  classroom 
work. 

Make  a  thin  film,  employing  solution  1  as  diluent.  Dry  in  air.  Do 
not  fix.  Cover  with  stain  30  seconds.  Wash  in  water,  dry,  and 
examine. 

Biieuger's  Method.' — Cover-slip  prcpiirations  are  made  by  smear- 
ing in  scrum  as  in  Hiss'  method. 

As  the  edges  of  the  smear  begin  to  dry,  pour  over  it  Zenker's  fluid 
(without  acetic  acid)  and  warm  in  flame  for  three  seconds. 

(Zenker's  fluid  is  composed  of  potassium  bichromate  2.5  gm., 
sodium  sulphate  1  gm.,  water  100  c.c,  saturated  with  bichloride  of 
mercurj'.) 

Wfeih  b  water. 

Flush  with  ninety-five  per  cent  alcohol. 

Cover  witii  tincture  of  iodiu,  U.  S.  P.,  one  to  three  minutes. 

Waah  with  ninety-five  per  cent  alcohol. 

DrA'  in  the  air. 

Stain  with  anilin  water  gentian-violet  two  to  five  seconds. 

Wash  with  two  per  cent  salt  solution. 

Mount  and  exiimine  in  ."^alt  solution. 

W.miswokth's  Methim).' — \\  iidswortli  has  devised  a  method  of 
staining  cap.sules  which  depends  upon  the  fixation  of  smears  with  forma- 
lin. After  such  fixation  cnpsulefi  may  be  demonstrated  both  with  simple 
stains  and  by  (Jram's  raethod.    The  technique  is  as  follows: 

Smear  preparations,  made  as  usual,  are  treated  as  follows: 

1.  Formalin,  40  per  cent,  two  to  five  minutes. 

2.  Wash  in  water,  five  seconds. 
SiHPi-E  Stain. 

3.  Ten  per  cent  aqueous  gentian-violet. 

4.  Wash  water,  five  seconds. 

5.  Dry,  mount  in  balsam. 


DirrERENTiAL  9taih  (Gram'i  Method). 

3.  Anilin  gentian-violet,  two  minutes. 

4.  Iixlin  solution,  two  minutes. 

5.  .\lcohol,  M  per  cent,  decoloriwj. 
(i.   Fuchsin,  ililute  a<)iieo>i8  solution. 

7.  Wa.sli  water,  two  seconds. 

8.  Dry,  mount  in  balsam. 


'  liumjer,  Mc<l.  Newa,  Deo.,  1904 


•  Wadsworth,  Jour.  Inf.  DU.,  \«». 
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It  in  inqwrtant  that  tho  forinalia  bu  fiv.sh  luid  I  lie  exposure  to 
water  nioriK'ntary.  When  decolorizing  in  the  Gnxm  method,  strong 
lUcohol  only  shouUt  be  usc-d.  Wiidsworth  also  found  thut  encapsulated 
jjjieuniocorci  could  Ix'  dfuionstrated  in  celloidin  sections  of  pneumonic 
lesions  hardened  in  strong  fonnalin.  The  lungs  sliould  be  tli.stended  with 
the  formalin  or  the  h-siotis  cut  in  verj*  thin  bits,  hardened,  dehydrated, 
embedded,  ami  cut  in  the  usual  way.  The  celloidin  sections  may  be  fixed 
on  the  sHdes  by  partially  dissolving  the  celloidin  in  alcohol  and  ether 
and  setting  the  celloidin  (luiekly  iu  water  lM?fore  staining.  Failure  to 
obtain  pneumococci  encapsulat<?d  in  sueh  sections  is  usually  due  to 
improper  or  inadequate  fixation  in  tlie  formalin. 

The  differential  method  emplojcd  In-  Wadsworth  for  tissue  staining 
is  as  follows: 

1.  Fix  in  fonnalin  forty  per  cent,  two  to  five  minutes. 

2.  Wash  ill  water.  v 

3.  Anilin  gr'ntian-violel,  two  minutes. 

4.  lofiin  soiiifioii.  two  ininiilos. 

5.  Alcohol,  ninety-five  l>er  wnl,  decolorize. 

6.  Eosiii  alcohol,  couiit<>rstjiiri.  * 

7.  Clear  in  oil  of  origanum. 

8.  Mount  in  balsam. 

Flagella  Stains. — All  flagellu  stains,  in  order  to  be  surcessful,  neces- 
sitate particularly  clean  cover-slip  preparations,  Ixrst  nnide  from  young 
agar  cultures  emulsified  in  sterile  salt  solution.  Scrupulous  care  should 
be  exerci.ied  in  cleaning  the  glassware  UM'd. 

LrtEKKLKit'.s  .\Ieth()1>.' — Tho  preparation  is  dried  in  the  air  uml  fixed 
by  heat.    It  is  then  treated  with  the  following  mordant  solution; 

Twenty  per  pent  atiueous  tannic  acid 10  parts. 

Ferrous  sulphaltMui.  sol  siitiiratcil  ul  room  temperatute .  ,1  |>:irt.s. 
Saturated  alcoholic  fucliaiu  solution 1  part. 

This  solution,  which  should  be  freshly  filtered  In^fore  using,  is 
poured  over  the  cover-glass  and  allowed  to  remain  there  f<ir  ()iv>-half 
to  one  minute,  during  which  time  it  should  be  gently  hcateil,  but  not 
allowed  to  boil. 

\\' ash  thoroughly  in  water. 

Stain  with  five  per  cent  anilin  water  fuclisin  or  anilin  water  gcn- 


1  Loeffler,  Cent.  f.  Bakt.,  I,  vi,  188a 
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lan-violct  made  slightly  alkaline  by  t lie  addition  of  one-tenth  per  cent 
r»odiuni  hydiale. 

The  stain  should  lie  filtered  directly  ujjon  the  cover-slip.  Warm 
gently  and  leave  on  for  one  to  two  minutest.  Wash  in  water.  Mount  in 
balsam. 

Van  Erhengrm'b  Method.' — This  method  requires  the  preparation 
of  three  solutions. 

(I)  Twenty  per  cent  tannic  .Hoii!  snlulion 00  c.c. 

Two  jwr  cont  osmic  aciil  .wlution 3()  c.c. 

Glacial  acetic  acid 4-5  drops. 

The  cover-slip  carrying  the  fixed  preparation  is  plared  in  this  solu- 
tion for  one  hour  at  room  temperature,  or  fur  five  minutes  at  100°  C. 
(boiling). 

Wa^h  in  water. 

Wa-sh  in  absolute  alcohol. 

Immerse  the  cover-slip  for  one  to  three  seconds  in 

(2)  Silver  nitrate,  0.25-0.5  per  cent  solution. 
Without  washing,  transfer  to 


(3)  Gallic  acid 5  gm. 

Tannic  ncid    3    " 

Fused  |K>tiuisiiim  acplafe 10    " 

DialiUwl  water  ...  360  c.c 


Immerse  in  this  for  a  few  minutes,  moving  the  cover-slip  alx>ut. 

Return  to  the  silver  nitrate  solution  until  the  preparation  turns 
black. 

Wash  thoroughly  in  water. 

Blot  and  mount. 

Smith's  Modification  of  Pitfield's  Method.- — .\  saturated  solu- 
tion  of  l)ichloride  of  mercury  is  boiled  and  is  poured  while  still  hot  into  a 
bottle  in  which  crj'stals  of  ainnu>"iiia  alum  have  been  placetl  in  quantity 
ore  than  sufficient  to  saturate  the  Ruitl.  The  liottle  is  then  sliakeu  and 
allowed  to  cool.  Ten  c.c.  of  this  solution  are  added  to  10  c.c.  of  freshly 
prepared  ten  per  cent  tannic  acid  solution.  To  this  add  5  c.c.  carbol- 
fuehsin  solution.     Mi.v  and  filter. 

To  stain,  filter  the  above  mordant  directly  upon  the  fixed  cover-slip 

"  Van  Ermengem,  Cent.  f.  Bakt.,  I,  xv,  1894. 
*  Smith,  Brit.  Med.  Jour.,  I,  1901,  p.  205. 
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preparation.  Heat  gently  for  three  minutes,  but  do  not  allow  to  boil. 
Wash  in  water  and  stain  with  the  following  solution: 

I  Saturated  alcoholic  solution  gentian-violet 1  c.c. 

Saturated  solution  ammonia  alimi 10  c.c. 

Filter  the  stain  directly  ujMn  the  preparation  and  heat  for  three  or  four 
minutes.     Wjush  in  water,  dry,  and  mount  in  bal.sain. 

Differential  Stains. — Gh.vm's  Method.' — By  this  method  of  staining, 
which  i.H  extremely  important  in  bacterial  differentiation,  bacteria  are 
divided  into  those  which  retain  the  initial  stain  and  tho«'  which  are 
subsequently  decolorized  and  take  the  countt^rstain.  The  fonner  are 
often  spoken  of  aa  the  Gram-positive,  the  latter  a.s  Tiram-negative 
bacteria. 

Preparations  are  made  on  cover-slips  or  sliJea  in  the  usiud  way. 

The  preparation  is  then  covered  with  an  anilin  gentian-violet  .solu- 
tion which  is  best  made  up  freshly  before'  use. 

The  staining  fluid  is  made  up,  according  to  Gram's  origind  direc- 
tions,' as  follows: 

Five  c.c.  of  anilin  oil  are  shaken  up  thoroughly  with  125  c.c,  of  dis- 
tilled water.    This  solution  is  then  filtered  through  a  moist  filter  jiaper. 

To  108  c.c.  of  this  anilin  water,  add  12  c.c.  of  a  saturated  alcoholic 
solution  of  gentian-violet.  The  stain  acts  best  when  twelve  to  twenty- 
four  hours  old,  but  may  be  used  at  once.  It  lasts,  if  well  stoppered,  for 
three  to  five  days.  A  more  convenient  and  simple  method  of  making  up 
the  stain  is  as  follows: 

To  10  c.c.  of  distilled  water  in  a  teat  tube  add  anilin  oil  until  on 
shaking  the  emulsion  is  opaque;  roughly,  one  to  ten.  Filter  this  through 
a  wet  paper  untd  the  filtrate  is  clear.  To  this  add  saturated  alcoholic 
solution  of  gentian-violet  until  the  mixture  is  no  longer  transparent, 
and  a  metallic  film  on  the  surface  indicates  saturation.  One  part  of 
alcoholic  satu.-ated  gentian-viuiet  to  nine  parts  of  the  anilin  water 
will  give  this  result.  This  mixture  may  be  used  immediately  and  lasts 
two  to  five  days  if  kept  in  a  stoppered  bottle. 

Cover  the  preparation  with  this;  leave  on  for  S  minutes.  Pour  off 
excess  stain  and  cover  with  Gram's  iodin  stjlution  for  2  to  3  minutes. 

lodln 1  gin. 

Potassium  iodid 2  gm. 

Distilled  water 300  c.c. 

« Oram,  Fortschr.  d.  Med.,  ii,  1884.  »  Oram,  loc.  cit. 
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Decolorize  with  ninety-seven  per  cent  aleohol  until  no  further  traces 
of  the  stain  can  be  washed  out  of  the  prepiinition.  Tliis  takes  usually 
thirty  seconds  to  two  minutes,  according  to  thinness  of  preparation. 

Wash  in  wat^-r. 

Counterstain  with  an  aqueous  contrast  stain,  preferably  Bismarck 
brown.' 

Paltauf's  Modification  of  Gr.vm's  Stain.' — The  staining  fluid  a.s 
prepared  bj'  this  modification  possesses  the  advantage  of  retaining  its 
staining  power  for  a  longer  period  than  does  tiie  anilin-water  gentian- 
violet  described  in  the  original  method. 

The  staining  fluid  is  prepared  as  follows: 


3-5  c.c.  unilin  oil  arc  ad<lpd  to 
90  c.c.  distiUod  water  and 
7  c.c.  absolute  alcohol. 


^f  This  mixture  is  thoroughly  shaken  and  filtered  through  a  moist 
filter  paper  until  clear.     Then  add : 

^-       Gruebler's  gentian-violet  2  gin. 

|B  The  fluid  should  stand  twenty-four  hours,  during  which  a  precipi- 
tate forms.     This  is  filtered  (wfore  use. 

This  gentian-violet  solution  retains  its  staining  power  for  from  4  to  6 

weeks.    It  is  good  only  when  a  metallic'  luster  ilcvelops  on  the  surface. 

It  is  used  in  the  folk»\ving  way:  Spreads  on  cover-slips  or  slides  are 

^_dried  and  fixed  as  usual. 

^B     Then  apply: — 

^H     Anilin-water  gentian-violet  (as  alx)ve),  three  minutes. 

^B     Gram's  iodin  solution,  two  minutes. 

^H     Absolute  alcohol  (with  stirring),  thirty  seconds 

^^L  Counterstain,  without  washing  in  water,  in  aqueous  fuchsin  or  in 

^H^dc  carbol-fuchsin. 

^P  Stbruno's  Modification  op  Gram's  Method. — 2  c.c.  anilin  oil  -f- 
10  c.c.  95%  alcohol.  Shake  and  ad<l  88  c.c.  di.stilled  water.  5  grams 
gentian  violet  are  ground  in  a  mortar  and  the  anilin  solution  added 
slowly  while  grinding.  Filter.  This  .solution  keeps,  and  .stains  in  one- 
half  to  one  minute. 


'  To  make  up  Bisman-k  brown  fi<)liiti<in,  j>rr'p.ire  n  snturatci!  suiupoiw  wilution  of 
the  powdered  dye  by  heuling.    Cool  iiuil  lilliT.     DiiiUp  !  to  K)  with  di»lilleil  water. 
'Shanumky,  Proc.  N.  Y.  Palhol.  Soc,  Oct.,  IWW,  n.  a.,  ix,  5. 
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Classification   of   the    Most    Important   Pathogenic   Bacteria 
According  to  Gram's  Stain. 


Gram-positive. 

(Retain  the  Gentian-violet.) 

Micrococcus  pyogenes  aureus 

Micrococcus  pyogenes  albus 

Streptococcus  pyogenes 

Micrococcus  tetragenus 

Pneumococcus 

Bacillus  subtilis 

Bacillus  anthracis 

Bacillus  (liphtherise 

Bacillus  tetanus 

Bacillus  tuberculosis  and  other 

acid-fast  bacilli 
Bacillus  aerogenes  capsulatus 
Bacillus  botulinus 


Gram-negative. 

(Take  Counterstain.) 

Meningococcus 
Gonococcus 
Micrococcus  catarrhalis 
Bacillus  coli 
Bacillus  dysenterise 
Bacillus  typhosus 
Bacillus  paratyphosus 
Bacillus  fecalis  alkaligenes 
Bacillus  enteritidis 
Bacillus  proteus  (proteus) 
Bacillus  mallei 
Bacillus  pyocyaneua 
Bacillus  influenza} 
Bacillus  mucosus  capsulatus 
Bacillus  pestis 
Bacillus  maligni  oedcmatis 
Spirillum  cholera; 
Bacillus  Koch- Weeks 
Bacillus  Morax-Axenfeld 


Stains  for  Acid-Fast  Bacteria. — These  methods  of  staining  are  chiefly 
useful  in  the  demonstration  of  tubercle  bacilli.  These  bacteria  because 
of  their  waxy  cell  membranes  are  not  easily  stained  by  any  but  the  most 
int^^naifiod  dyes,  but  when  once  stained,  retain  the  color  in  spite  of  ener- 
getic dccolorization  with  acid.  For  this  reason  they  arc  known  as  acid- 
fast  bacilli.  The  fii-st  method  devi.sed  for  the  staining  of  tubercle 
and  allied  bacilli  was  that  of  Ehrlich. 

Ehri.ich  Method.' — This  nu^thod  is  now  rarely  used.  Cover-slip 
pn'parations  arc  prepared  as  usual  and  fixed  by  heat. 

Stain  with  anilin  water  gentian-violet,  hot,  three  to  five  minutes, 
or  twenty-four  hours  at  room  teniperaturc. 


*  Ehrlich,  Deut.  hhkI.  Woch..  1882. 
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Decolorize  with  thirty-three  per  cont  nitric  acid  one-half  to  one 
minute. 

Treat  with  sixty  per  cent  alcohol,  until  no  color  can  be  seen  to  come 
off. 

Countcrstain  with  aquoous  niethylene-blue. 

Rinse  in  water,  dry,  and  mount. 

ZiehLi-Neelson  Method.' — Thin  smears  are  made  upon  cover- 
alij>s  or  slides. 

Fix  by  heat. 

Stain  in  carbol-fuchsin  solution  as  given  on  page  97.  The  slide 
"or  cover-slip  may  be  floodetl  with  the  stain,  and  tliis  gi'ntly  h<"iiti'd  with 
the  flame  until  it  steams,  or  else  the  rover-shp  may  be  inverted  upon 
tlie  surface  of  the  staining  fluid,  in  a  porcelain  dish  or  watch-glass,  and 
this  heated  until  it  steams.  This  is  continued  for  thix'e  to  five  min- 
utes. Decolonze  with  either  five  per  cent  nitric  acid,  five  per  cent 
imlphuric  acid,  or  one  per  cent  hydrochloric  acid  for  three  to  five 
seconds.  The  treatment  with  the  acid  is  continued  until  subspfptcnt 
washing  with  water  will  give  only  a  fidnt  pink  color  to  the  preparation. 

Wash  with  ninety  per  cent  alcohol  until  no  further  color  can  be  re- 
moved. If,  after  prolonged  wa.sliing  with  alcohol,  a  red  color  still  re- 
mains in  verj'  thick  places  upon  the  .smear,  while  the  thin  areas  appear 
entirely  decolorized,  this  may  be  disregarded. 

Wash  in  water  and  comiterstain  in  aqueous  methylenc-blue  for 
me-half  to  one  minute. 

Rinae  n  water,  dni',  and  mount. 

By  this  method  the  tuhercio  bacilli  are  coloi-ed  red,  other  bacteria 
and  cellular  elements  which  may  be  present  arc  stained  tjlue. 

Gabbet's  Method.' — Gabbct  has  devised  a  rapid  method  in  which 
the  decolorization  and  counti'r.staiiiing  are  accompH.'^hed  by  one  solu- 
tion. The  specimen  is  preparctl  and  staineci  with  carbol-fuchsin  as  in 
the  preceding  method.  It  is  then  inimersctl  for  one  minute  directly  in 
the  following  solution: 

Methylene-bhic 2  gms. 

Sulphuric  iiriJ  25  per  cent  (sp.  gr.  1018) 100  c.c. 

Then  rinse  in  water,  dry.  and  mount. 

This  method,  while  rapid  and  very  convenient,  is  not  so  reliable  as 
the  Ziehl-Neelson  method. 


•  Ziehl,  Dcul.  ithnI.  Woch.,  1882;  Neelton,  Deut.  med.  Woeh.,  1883. 
>  Oabbei,  Luiicet,  1887. 
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Pappenttem's  Meihoi).' — Tlie  method  of  Pnpponhoim  is  dovisrd 
for  the  i)urpo«'  of  (liffei-etitifitiii};  Ix-twoeu  the  tiilj^Tcle  hiicillus  and  the 
smegma  bacillus.  Confusion  uuiy  occasionally  arise  bctwceu  these  two 
microorganisms,  es]>ecially  in  the  examination  of  urine  where  smegma 
bacilli  are  tlerived  from  the  genitiils,  and  less  frequently  in  the  examina- 
tion of  sputum  where  smegma  bacilli  may  occasioually  be  mixed  with 
the  seerc>tioiis  of  the  pharynx  and  throat. 

Preparations  are  smeared  and  fixed  by  heat  in  the  usual  way. 

Stain  with  hot  carhol-fuchsin  solution  for  two  minutes. 

Pour  off  dye  without  washing  and  cover  with  the  following  mixture: 

Corallin  ( msolic  acid)  1  gill. 

Ahsdlutc  alcohol ICX)  c.c. 

Mi-(hylfnc--bliic  added  to  salurution 

.\(1<1  glycerin  ' 20  c.c. 

This  mixture  is  poured  on  and  drained  off  slowly,  the  proeedure  being 
repeated  four  or  five  times,  and  finally  t!ie  preparation  is  washed  in 
water.  The  combination  of  alcohol  and  rosolic  acid  decolorizes  the 
.smegma  baciUi,  hut  leaves  the  tubercle  bacilli  .stained  bright  red. 

IJuMiE  ANM)  TKAUTE.VHora  JIethod.' — This  method  is  designed  to 
differentiate  between  the  tubercle  and  smegma  bacilli. 

Smear  and  fix  by  heat  in  the  usual  way. 

Wash  with  ab.solute  alcohol  to  n>move  fat. 

Treat  with  five  per  cent  chromic  aci<l  for  fifteen  minutes. 

Wash  in  several  changes  of  water. 

Stain  with  hot  carbol-fuuhsin  fur  five  minutes. 

Decolorize  with  sixteen  per  cent  sulphuric  acid  for  three  minutes. 

Counteratain  with  alcoholic  methylene-bluc  for  five  minutes. 

Wash  in  water,  dry,  antl  mount. 

By  this  method  the  tubercle  bacillus  remains  red,  the  smegma  bacil- 
lus is  dpf'olorized. 

Baumcjauten's  Method.* — ^This  method  is  recommended  by  the 
author  for  differentiation  between  the  bacillus  of  tuberculosis  and  the 
ba.Mllus  of  leprosy  and  dejx-nds  ujion  the  fact  that  the  tuljercle  bacillus 
is  less  easily  stained  than  IJacillus  lepra*. 

Smears  are  prepared  ami  fixed  by  heat  in  the  usual  way. 

'  Pappenheim.  Bert,  klin,  Woch.,  ISflS. 

•The  Klycoriii  is  addcij  iiftt'r  the  oilier  cuiistiliipiits  have  been  mixed. 

'  Bungc  iind  Trauleurolh,  Fort-sMir.  d.  Med.,  xiv,  1890. 

*  Baumgarten,  Zeit.  f.  wissetucb.  Mikrosk.,  1,  18S4. 
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Stain  in  dilute  alcoholic  fuchsin  for  five  minutes. 

Decolorize  for  twenty  seconds  in  alcohol,  ninety-five  per  cent,  ten 
parts,  nitric  acid  one  part. 

Wash  in  water. 

Counterstaiu  in  niethylene-bluc. 

Wash  in  water,  dry,  ami  mount. 

The  tubercle  bacillus  should  be  blue  and  the  bacillus  of  leprosy  red. 

Special  Stains  for  Polar  Bodies.  — These  .staining  methods  arc  ticsijifncd 
to  luring  into  view  jxiiar  bodies  as  found,  for  instance,  in  the  bacilli  of 
diphtheria  and  plague. 

Neisser's  Method.' — Smear  and  fix  in  the  u.suul  manner. 

Stain  for  two  to  five  seconds  in  the  following  solution: 


k 


Methylenc-blue 1  pn. 

Atiflolute  alrohol 20  c.c. 

Glacial  acetic  acid  50  c.c. 

Distilled  water 1 ,000  c.c. 


Wash  in  water. 

Counterstain  in  two  per  cent  aqueous  Bismarck  brown  solution  for 
five  seconds. 

By  this  method  polar  bodies  are  stained  blue,  while  the  bacillary 
bodies  are  stained  brown. 

Roux's  Method.' — Two  solutions  are  necessary. 


I 


(1)  Dahlia  N-iolct 1  gm. 

.\lcohol  9()  per  cent Ill  e.e. 

Aqua  dcslillata  ad 100  c.c. 

(2)  Mcthyl-grecn 1  gm. 

Alcohol  90  jier  cent 10  c.c. 

Aqua  destillata  ad 100  c.c. 


Before  u.se,  one  part  of  solution  No.  1  is  mixed  with  three  parts  of 
solution  No.  2.  The  preparation  is  stained  with  the  mixture  for  two 
minutes  in  the  cold. 

Polychrome  Stains. — The  various  polychrome  stains  are  of  value  to 
the  bacteriologist  chit'lly  for  the  slaiiiing  of  pus  and  exudate.-i  where  the 
relation  of  bacteria  to  cellular  elements  is  to  Ix*  denvonstrated.  They 
are  also  extremely  useful  in  tlie  study  of  fixed  specimens  of  protozoan 
parasites.    There  is  a  large  number  of  these  stains  in  use;   a  few  ouly, 


'  NeUaer.  Zcit.  f.  HyR.,  xxiv,  1897. 
*i2ouzand  Yerain,  Aimal.  de  I'inst.  Post.,  1890. 
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however,  can  be  given  here.  In  |:)rinciple,  ul!  tliese  stains  depend  upon  a 
conibiuation  of  cosin  and  methylene-blue,  tliesc  elements  staiiiiiijj  not 
only  as  units,  but  acting  togethc>r  in  combination.  One  and  the  smnc 
solution,  thetT'fore,  contains  at  least  three  elements  which  coloi  the 
various  structures  of  tlie  preparation  selectively. 

Jenner's  Method.' — This  stain,  because  of  its  simplicity,  is  useful 
for  routine  use.  It  is  made  up  as  follows:  Hquid  parts  of  eosin  (( iruebler, 
"  \V.  G.")  one  and  two-tenths  per  cent  aqueous  .solution,  and  niethylene- 
blue  (medicinal,  Gruebler)  one  jjer  cent  aqueous  .solution,  are  mixed  and 
allowed  to  stand  for  twenty-four  hours.  \  coai-se  granular  pifcipitate 
is  formed  which  appears  dark,  with  a  metallic  luster  on  its  surface.  This 
ia  sc^parated  by  filtration  and  washed  with  distilled  water  until  the  fil- 
trate appears  almost  clear. 

To  make  up  the  stain  0..5  gram  of  the  dry  precipitate  is  dissolved 
in  100  c.c.  of  methyl  alcohol. 

In  using  the  stain,  preparations  are  not  fixed,  but  simply  dried  in 
the  air  and  immersed  in  the  stain  for  one  to  two  mhiutes.  .\fter  this, 
wash  in  distilled  water  ami  examine. 

Wright's  MontK[rATinx  of  T^efshm.vn'.s  METimn.' — .\  one  jxt  cent 
solution  of  melhylcne-bluo  (Gruebler)  in  five-tenths  per  cent  solution  of 
sodium  bitarbouatc  in  distilled  water  is  steamed  in  a  sterilizer  at  100' 
C.  for  one  hour,  .\fter  this  has  cooled,  a  one-tenth  [ler  cent  aqueous 
solution  of  eosin  (Gruebler,  W.  (I.)  is  added  until  a  metallic  scum  ap- 
pears on  the  surface  of  the  mixture,  (.\bout  five  parts  of  cosin  solution 
to  one  of  methyleiie-blue  is  necessarj'.)  The  precipitate  which  fonns  is 
collected  by  filtration,  dried,  and  a  saturated  .solution  then  made  in 
methyl  alcohol.  This  is  filtered  and  tiiluted  with  one-quarter  its  bulk 
of  methyl  alcohol. 

To  stain,  cover  the  dried  prcparation  with  the  stain  for  one  to 
one  and  one-half  minutes.  Dilute  by  dropping  upon  the  stain  distilled 
water  from  a  pipette  until  a  metallic  film  appears  upon  the  top.  l-eave 
this  on  for  thn-c  to  fifteen  minut(>s.    Wash  in  ili-stillcd  water. 

Giemsa's  Methou.'— The  method  of  Giemsa  is  really  a  modification 
of  the  Romanowsky  method.  It  is  widely  applicable,  being  of  great 
value  in  the  staining  of  the  Spiroehiete  pallida.  Vincent's  spirilla,  pro- 
tozoa, and  Xegri  bodies.    The  stain  has  Ijeen  modified  8<>veral  times  by 

'Jenner,  Lancet,  i.  1S89. 

«  Wriifhl,  .lour.  .Me.l.  Research,  ii.  1902. 

'Giemaa,  Cent.  f.  Bokt.,  I,  x.\.\vii,  1904 
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its  originator,  the  following  being  the  fomuili»  given  t>y  liiiii  in  lf)Ot: 
Thr  substance  refcrn^d  to  as  ivziir  II  iitid  piirchiisulilo  under  that  niinic, 
c-oiisi>its  of  pure  mflhyloniizur  cldoridhydiate  combined  with  an  i-qiial 
quantity  of  nifthyleno-blue  ddoralliydrate.  The  substance  referred  to 
ai;  azur  II-eo«in  is  a  comljinatiuii  i>(  this  Hubstaucc  with  eosin. 
The  staining  fluid  is  niad<'  u(i  a.-*  ff>Ilows:' 


Axur  If-eosiii 
Azur  II    .. 


.  3  gtns. 
.8  gros. 


I      n 


This  mixture  is  thoroughly  dried  over  sulphuric  acid  in  a  desiccator, 
finely  powdered,  and  rublxv!  throufih  a  fine  sieve.  It  is  then  dissolvcil  in 
2.J0  gnis.  of  C.  P.  glycerin  (Merck),  at  00°  C.  To  this  t  addeil  methyl 
alcohol  (Kahlbaum)  250  c.c,  previously  warmed  to  fiO°  C.  This  mix- 
ture is  well  shaken  and  allowed  to  stand  at  room  temperature  for 
twenty -four  houi-s.    The  mixture  is  now  ready  for  use. 

For  use  10  c.c.  of  distilled  water  are  poured  into  a  tesf  tul>e  anil 
one  to  two  drops  of  a  one  'x-r  cent  p^itr-.-v^ium  eai-bonate  solution  are 
'  l^J.  Ten  — pii  or  cue  j-taiiiinfi;  solution  described  aliove  (one  drop  tn 
the  c.c.)  are  mixed  with  this  slightly  alkaline  water.  The  preparation 
which  is  to  be  stained  is  fixed  in  niethyl  alcohol,  dried,  and  covered  with 
the  diluted  staining  solution.  For  the  staining  of  protozoa  and  ex- 
udates containing  bacteria,  ten  to  fifteen  minutes  are  sufficient.  For 
the  .staining  of  Negri  bodies  or  Bpiroelncte  pallida,  one  or  more  hours 
of  staining  should  be  employed,  .\fter  staining,  wash  in  running  t«ip 
water  and  blot. 

Wood's  Method.' — Wood  has  devised  a  simple  staining  method 
based  on  the  principles  of  the  (iienisa  stain,  in  which  azur  II  and  eosiu 
may  be  used  in  separate  solutions.  Preparations  arc  fixed  in  strong 
methyl  alcohol  for  five  minutes  and  arc  then  stained  in  a  O.l  per  cent 
aqueous  solution  of  eosin  imtil  the  prepanitiun  is  pink.  The  eosin  is 
then  poured  ofif  and  the  preparation  is  coveiwl  with  a  0.25  per  cent 
aqueous  solution  of  azur  II  for  one-half  to  two  ndnutes.  Following  this, 
it  is  washed  in  tap  water  and  dried  liy  blotting. 

WTien  an  intense  stain  is  desired,  the  solution  of  eosin  and  azur  II 
may  be  flooded  over  the  preparation  toaether,  using  an  excess  of  azur 
II.  They  are  then  left  on  from  five  to  ten  minutes.  .\t  the  end  of  this 
time  washing  and  dr\'ing  as  before  completes  the  process. 


■  It  is  best  not  to  attempt  to  make  up  the  undiluted  staining  Quid,  since  lliia  ia 
purch.'W!il)lc  uniler  the  name  of  "Oiemsa  Losiuig  fur  Komanowsky  Fiirbung." 
'  Wood,  .Me<l.  News.  83,  1903. 
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The  Staining  of  Bacteria  in  Tiasues.— The  preparation  of  tissue  for 

biieliTiiil  staining  i.s,  in  gonenil,  tiu'  siiino  sis  tl,;it  <'inj>lt>y<.il  for  purpoa<*8 
of  cellular  studios,  in  histology.  For  bufteriulo-iful  stuilies  (lu-  must 
useful  fixative  is  alcohol;  other  fixations,  such  as  that  by  formalin, 
Zenker's  tluid,  or  Mueller's  fluid,  pivo  k-gs  satisfaction.  In  other  resix-eti 
the  details  of  dchy.liation  and  embedding  are  the  same  as  tho.se  u.sed  in 
histological  studies,  except  that  it  is  desirable  that  the  tissues  should  1k! 
handled  rather  more  carefully  than  is  necessary  for  oixlinarj-  patholog- 
ical work,  and  the  changes  from  the  weaker  to  the  stnjiiger  alcohols 
should  Ixv  made  le&s  abruptly.' 

Embedding  in  paraffin  is  preferable  to  celloidin,  although  the  latter 
method  is  not  unsuccessful  if  carefully  carried  out.  The  chief  disadvan- 
tages of  celloidin  are  the  retention  of  color  by  the  celloidin  itself  and  the 
jv)i^quent  uncleanie.ss  of  differtrntiation.  It  is  also  easier  to  cut  thin 
paraffin  blocks  than  from  those  prepared  with  celloidin. 

When     1 1 II I  Mill"]'     *llli       '^'""-^  fo'"  bacteria,  it  is  most  convenient 

to  carry  out  the  process  with  ntl'*- ijttiiaiijittachpd  to  a  slide.  For  cel- 
loidin sections  this  may  be  accomplished  by  means  of  etni^  \  ..,.1 "  J'''\- 
paraffin  sections  it  is  necessary  to  cover  the  slide  with  an  extremely  thin 
layer  of  a  fdtercd  mixture  of  etimil  quantities  of  egg  albumin  and  glyreriii, 
to  which  a  small  crj'stal  of  camphor  or  a  drop  or  two  of  carbolic  acid 
has  been  added.  The  sections  are  then  fioat<'d  upon  a  slide  so  prepared, 
and  set  away  in  the  thermostat  for  four  ur  five  hours. 

LoEFKLEn's  Method.' — Stain  in  alcoholic  inethylene-bluc  solution 
five  to  fifteen  minutes,  or  in  I.oefflcr's  alkaline  methylcne-blue  solution 
one  to  twenty-four  hours. 

Wash  in  one  to  one-thousand  acetic  acid  solution  for  about  ten 
seconds. 

Treat  with  absolute  alcohol  by  pouring  the  alcohol  over  the  prepara- 
tion fur  ten  to  twenty  seconds. 
Clear  with  xylol. 
Mount  in  b;dsam. 

When  celloidin  sections  are  stained  in  this  way  ninety-five  per  cent 
alcohol  should  be  substituted  for  the  absolute.  A  number  of  other 
staining  solutions  may  be  used  in  the  same  way,  aqueous  fucbsin  ot 
aqueous  gentian-violet  yielding  good  result. 


•  For  detaik  of  siuii  work  reference  should  be  had  to  the  standard  textbooks  on 
patlioIoKical  U-ofiniquf,  notably  the  very  excetlont  one  of  Mallory  and  Wright. 
'LoeJUr,  Mitt.  a.  d.  kiiis.  Gesundheitsiinit,  ii,  1884. 
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Nicolle  advises  the  use  of  a  t<'n  pt>r  cent  aqueous  solution  of  tannic 
acid  for  a  few  seconds  after  washing  with  the  acetic  acid. 

Sections  may  also  1k>  staineil  liy  plucinn  thctn  over  night  into  a 
dilute  Giemsa  solution  (one  drop  to  each  c.c.  of  tlistilteti  water).  When 
so  stained  the  sectioas  must  not  be  run  throu);b  the  weaker  alcohols 
but  must  Ije  rapidly  differentiated  in  absolute  alcohol. 

Method  of  Staining  Gram-Positive  Bacteria  in  Tissue  Sections. 
— Cellaidin  Sedwns.— After  fixing  section  to  the  slide  by  pressure  with 
a  filter  paper  or  by  ether  vapor,  cover  with  anilin-water  gentian-violet 
five  minutes. 

Pour  off  excess  of  stain  and  cover  with  Gram's  iodin  solution  for 
two  minutes.  Decolorize  with  ninety-five  per  cent  alcohol  until  no 
more  color  comes  out. 

Stmn  quickly  with  eosin-alcohol  (ninety-five  per  cent  alcohol  to 
which  enough  eosin  has  Ijcen  added  to  give  a  transparent  pink  color: 
about  1  :  15).  Clear  in  cosin-oil  of  origanum  (oil  of  origanum,  25  c.c. 
and  eosin  alcohol,  as  above,  about  3  c.c).    Blot  and  mount  in  balsam. 

Paraffin  Sections. — Stain  with  anilin-water  gentian-violet  five  to  ten 
minutes. 

Wash  in  water. 

Cover  with  Gram's  iodin  solution  one  minute. 

Wash  in  water. 

Decolorize  with  absolute  alcohol  until  no  more  color  comes  out. 

Clear  in  xj'lol. 

Mount  in  balsam. 

Gram-Weigert  Method.^ — (For  celloidin  sections.) — Stain  for  one-half 
hour  in  the  following  freshly  filtered  solution: 

Carmine .3-5  grams. 

Saturated  aqueous  solution  of  lithium  carbonate 100  c.c. 

Dehydrate  in  ninety-five  per  cent  alcohol. 

Stick  section  to  slide  with  ether  vapor. 

Stain  in  anilin-water  gentian- violet  for  five  to  fifteen  minutes  (or 
in  a  saturated  solution  of  aqueous  crystal  violet  diluted  with  water  one 
to  ten,  five  to  fifteen  minutes). 

Wash  in  physiological  salt  solution. 

Cover  with  Gram's  iodin  solution  one  to  two  minutes. 

Wash  in  water  and  blot. 
. — . . . t 

>  WeiQert,  Fortschr.  d.  Med.,  v,  1887. 
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Decolorize  with  anilin  oil  until  no  more  color  comes  off. 
This  both  (iecoloriKf.-j  and  dt'hyilnite.s. 
Treat  with  xylol.     Mount  in  balsam, 

MKTfl()I>     OF     StAINIXO     FOR    TtrBERCLE     BaCILLI     IH     SECTIONS.' — 

Paraffin  Sections. — Stain  in  carbol-fuchsin  solutiou  hot  for  five  minutes 
(or  better  cold,  for  twenty-four  hours). 

Wa-sh  in  water. 

Decolorize  And  counterstain  in  Gabbet's  methylene-blue  sulphuric 
acid  mixture  for  one  minute. 

Wash  in  water. 

Dehydrate  in  absolute  alcohol. 

Clear  in  xylol. 

Mount  in  balsam. 

Celhidin  Seclions} — Stain  lightly  in  alum  hematoxylin. 

Wash  in  water. 

Delij'drate  in  ninety-five  per  cent  alcohol. 

Attach  the  slide  by  ether  vapor. 

Stain  with  steaming  carbol-fuchsin  two  to  five  minutes. 

Wash  in  water. 

Wiusli  with  Orth'.s  acid  alcohol  (alcohol  ninety  per  cent.,  99  c.c; 
cone.  HCl,  1  c.c.)  one-half  to  one  minute. 

Wash  in  water  several  changes. 

Tn>at  with  ninety-five  per  cent  alcohol  until  red  color  is  entirely 
gone. 

Blot  and  cover  with  xjdol  until  clear.     Mount  in  balsam. 

Metiioi)  of  Stainixg  ArriNOMTCES in  SErnoNs. — Mnllnry's  Method^. 
— 1.  Stain  deeply  in  saturated  aqueous  eoain  ten  minutes. 

2.  Wa.sh  in  water. 

3.  .\nilin  geatian-violet  two  to  five  minutes, 

4.  Wash  in  normal  saline  solution. 

5.  Wi'igert's  iodin  solution  (iodin  1,  KI  2,  and  water  100  parts) 
one  minute. 

6.  Wash  in  water  and  blot. 

7.  Clear  in  anilin  oil. 

S.  Xylol  s<'Vi'ntl  changes. 
9.  Mount  in  balsam. 


>  MaWiry  and  Wright,  "  Pathol.  Tech.,"  p.  413. 

•  After  Malhri/  ami  Wright. 

'MaUory  and  Wright,  "  Pathol.  Tech.,"  1904 


CHAPTER  VII 

THE  PREPARATION  OF  CTTLTXmE  MEDIA 

GENERAL    TECHNIQUE 

The  successful  cultivation  of  biirt<»ria  upon  artificial  media  requires 
the  establishment  of  an  environment  which  shall  be  suitable  in  regard  to 
the  presence  of  assimilable  nutritive  niateriid,  moisture,  and  osmotic 
relations.  These  rei]uircments  are  fulHllcd  in  thi:  <'oni[josition  of  the 
nutrient  media  described  in  another  section,  media  which  are  to  some 
ext^^nt  varied  according  to  the  special  requironK'nts  of  the  bacteria 
which  are  to  1h*  cultivated.  If  cultivation,  fiirtherniore,  is  to  have  any 
value  for  scientific  study  of  individual  species,  it  is  necessaiy  to  ob- 
tain these  species  free  from  other  varieties  of  microor<:aniwins,  that  is, 
in  pure  culture,  and  to  protect  such  cultures  continuously  from  con- 
tamination with  the  other  imiumerable  species  which  aiv  everywhere 
present. 

The  technique  which  Ls  employed  for  these  purposes  has  ^>een  gradu- 
ally evolved  from  the  methods  originally  devised  by  Pasteur,  Koch. 
Cohn,  and  others. 

Bacterial  cultivation  is  carried  out  in  glassware  of  varied  construc- 
tion, the  forma  most  commonly  employed  being  test  tubes  of  various 
sizes,  Erlenmeyer  flasks,  the  common  Florence  flasks,  and  Petri  dishes. 
All  glassware,  of  com-se,  must  be  thoroughly  cleansed  before  Iwing  used. 

Preparation  of  Glassware. — The  cleansing  of  glassware  may  be  ac- 
complished by  any  one  of  a  number  of  methoils.  New  glassware  may 
be  immersed  in  a  one  jx-r  cent  solution  of  hydrochloric  or  nitri<'  acid  in 
order  to  remove  the  free  alkali  which  is  occasionally  prest^nt  on  such  glass. 
It  is  then  transferred  to  a  one  per  cent  sodium  hydrate  solution  for  a 
few  hours,  and  following  this  is  washed  in  hot  nnining  water. 

In  the  case  of  old  glassware  which  has  contained  culture  media, 
sterilization  in  the  autoclave  is  first  carried  out,  then  the  ghissware  is 
boiled  in  five  per  cent  soda  solution  or  in  soapsuds.  After  this,  thorough 
mechanical  cleansing  is  practiced,  and  the  glassware  may  be  ti-eateil  by 
acid  and  alkali  followed  by  nmiiing  water,  as  given  above.    These  last 
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steps,  however,  arc  not  essential,  thorough  washing  in  hot  water  after 
the  soapsuds  or  soda  sokation  being  usually  sufficient  to  yield  good 
results.  Other  workers  have  recommended  ininiei'sion  of  the  glassware 
after  mechanical  cleansing  in  five  jx'r  cent  to  ten  per  cent  jKJtassium 
bichromate  solution  in  twenty-five  per  cent  sulphuric  arid.  This  is 
followed  by  thorough  washing  in  hot  running  water,  and  drying. 

Clean  flasks  and  test  tubes  arc  then  stoppered  with  cotton,  wiu'ch  has 
bf?en  found  to  be  a  convenient  and  efficient  .seal  against  the  l)acteria 
of  the  air,  catrhing  them  in  the  meshes  of  the  fibers  as  in  a  filter.  The 
technique  of  the  stoppering  or  plugging  of  glass  receptacles  is  important, 


Fig.  I.'). — Florencb  Flask. 


Fio.  16. — ERLGNMieyBR  Flask. 


in  that,  when  poorly  plugged,  sterility  is  not  safeguarded,  and  the  pur- 
pose of  culture  stufly  ia  defeat<^d. 

In  almost  all  lalxtnitories  in  this  country  non-absorbent  cotton  or 
"cotton  batting"'  is  used  for  the  plug.  In  a  few  of  the  frcmian  lalxjra- 
torica  the  absorbent  variety  is  enjployed.  The  disadvantages  of  the 
latter,  especially  in  the  ca.se  of  fluid  media,  are  obviou.s.  The  plugs 
should  fit  snugly,  but  nf>t  so  tightly  that  force  is  nece.s8arjr  to  remove 
them.  Care  should  be  taken,  furthermore,  that  no  creases  atv  left  Iw- 
tween  the  surface  of  the  glass  and  the  periphery  of  the  plug;  for  the.*e, 
if  present,  may  serve  as  channels  for  the  entrance  of  bacteria.  Fig. 
18,  accompanying,  will  illu.'strate  some  of  the  moi-e  common  and  un- 
desirable defects  in  poorly  made  plugs.  The  plugging  itself  is  carried 
out  by  tearing  a  small  piece  of  cotton,  about  2X2  inches,  from  the  roll, 
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folding  over  one  of  its  comers,  aiul,  applying  the  smooth  entl  of  a  glass 
rod  to  the  foldctl  portion,  gently  pushing  it  into  the  mouth  of  the  tube. 
After  phigging  and  before  media  are  introihiced  into  the  tulx-s  and 
flasks,  these  should  be  sterilized.  This  is  l>e.st  done  in  one  of  the  "hot- 
air  sterilizers"  (see  Fig.  8,  p.  69),  by  exposing  the  tubes  for  one  hour 
to  a  t<?mperaturc  of  1.50°  C.  If  greater  spwd  is  desiii'd  exposure  to  1S0° 
to  1[K)°  C.  for  half  an  hour  is  u.suaily  .safe.  If  by  mistake,  however,  the 
temperature  is  allowed  to  rise  above  200'^  C,  a  browning  of  the  cotton 
plugs  occurs  and  the  glassware  is  apt  to  be  stained  by  the  burning  of 
the  fat  and  other  organic  material  derived  from  the  cotton.    Petri  dishes 


(1 


ji 


Via.  17. — Petri  Dish. 

after  cleansing  are  fitted  together  in  the  manner  shown  in  Fig.  17, 
and  are  sterilized  in  the  hot-air  chamber  at  150°  C.  for  one  hour. 

Glassware  so  prepared  is  ready  for  the  reception  of  media. 

Ingredienta  of  Culture  Media. — The  footl  requirements  of  bacteria 
have  been  discusst>d  in  another  section.  From  what  has  there  been 
said,  it  is  apparent  that  artificial  culture  media  must,  to  a  certain  extent, 
be  adjusted  to  the  peculiarities  of  individual  bacteria.  In  the  cases  of 
the  more  strictly  para.sitic  microorganisms  growth  can  be  obtained  only 
bj'  the  most  rigid  observance  of  special  requirements.  For  the  large 
majority  of  pathogenic  bacteria,  however,  routine  or  .standard  meilia 
may  \)C  employi'd,  wluch,  while  slightly  moiv  favorable  for  one  spe<-ies 
than  for  another,  are  sufficiently  general  in  their  composition  to  per- 
mit the  tp-owth  of  all  but  the  most  fiustidious  varieties. 

The  basis  of  many  of  our  commiin  media  is  fomied  by  the  soluble 
constituents  of  meat.  These  substances  are  Iwst  obtained  by  macerating 
500  grams  of  lean  beef  in  1,000  c.c.  of  distilled  water.    The  mixture  is 
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allowed  to  infuse  in  the  ice  chest  over  night,  and  then  strained  through 
chccHC-cloth.  To  this  infusion  are  added  the  other  required  eonstituenta 
in  \ho  iniiiiiicr  given  in  tlie  detailed  iiiMtruftioiis  lielow.  The  s<^)luble 
constituents  of  meat,  however,  may  also  be  procured  in  a  simpler  way 

by  the  use  of  the  commercial  meat  extracts, 
such  as  that  of  Lieliig.  These  extracts  are 
dissolved  in  quantities  of  five  grams  to  the 
liter,  and  other  constituents  are  added  to 
this  nutrient  bivais. 

Though  simpler  to  make,  the  meat-ex- 
tract media  are  less  favorable  for  the  culti- 
vation of  the  moiT'  delicate  organisms  than 
are  the  media  made  directly  from  fa'sli  meat. 
Nevertheless,  they  suffice  for  the  cultivation 
of  the  large  majority  of  the  moi-e  saprophytic 
pathogenic  microorganisms  and  hold  an  im- 
portant place  in  laboratory  ttn-hnique. 

The  ingredients  anil  methods  uset!  in  va- 
rious laboratories  in  the  preparation  of  such 
standard  media  should  lie,  as  much  as  pos- 
sible, uniform,  in  order  that  confusion  m  re- 
sults may  be  avoided;  for,  as  is  well  known, 
the  biological  characteristics  of  one  and  the 
same  bacterial  species  may  vari'  considerably 
if  grown  on  media  differing  in  their  compo- 
sition. 

A  committee  of  the  American  Pub'ic 
Health  Association,'  appointed  in  1S!>7  for 
the  sake  of  standardizing  the  methods  of  preparation  of  media,  recom- 
mended that  the  following  rules  should  govern  the  choice  of  ingredients: 

1.  Distilled  water  should  Ijc  used  in  all  cases. 

2.  The  meat  used  should  be  fresh,  lean  beef  (when  veal  or  chicken 
is  substituteil  the  change  sho\dd  be  stated). 

3.  The  pepton  usi-d  should  be  Wittc's  pepton,  dr^^,  made  from  meat. 

4.  Only  C.  P.  NaCI  should  be  u.sed. 

5.  For  alkalinizing  C.  P.  sodium  hydrate  should  be  used  in  normal 
solutions. 


a 


b 


Fio.  18.— Test  Tube  (a) 
incorrectly  sfxippc're<l;  (6) 
correctly  atoppered. 


'  Rep.  Com.  of    Amer. 
Philailelphia,  Sept.,  1897. 


Bnct.  to  Com.  of    Arht.   I'lili.  Health  Amn.  Meeting, 
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6.  For  a.'idification  C.  P.  hydrochloric  acid  in  normal  Holution  should 
be  used. 

7.  When  glycerin  is  used,  this  should  \x  of  the  redistilled  variety. 

8.  The  apar-a^ar  employed  should  be  of  the  finest  grade  of  coniiuer- 
cial  thread  agar. 

9.  The  gelatin  should  be  the  commercial  sheet  gelatin  washed  as 
free  a.s  po8.sible  of  acid  ami  impurities. 

10.  Chemicals  and  carbohydrates    which   are   used   should   be   as 
nearly  cheniically  pure  as  possible. 

Titx&tion  of  Media. — Next  in 
importance  to  the  actual  comjOTsi- 
tjon  of  media  is  the  adjustment  of 
their  reaction.  Bacteria  are  highly 
susceptible  to  variations  in  the 
acidity  and  alkalinity  of  media, 
excessive  degress  of  either  may 
completely  inhibit  development  or 
moderate  variations  may  lead  to 
marked  modifications  of  cultural 
charact*risti,'s.  It  is  nece.ssaiy, 
therefore,  to  adjust  the  reaction 
both  for  the  sake  of  favoring 
growth  and  in  order  to  insure  uni- 
formity of  growth  characters.  This 
is  accomplished  by  titration  which 
is  liest  carried  out  acconhng  to  the 
recommendations  of  the  committee 
mentioned  above. 

The  color  indicator  employed  for 
the  titration  is  a  five-t«nths  per  cent 
solution  of  plu'iuitplithalcin  in  fifty 
per  cent  ah.-ohul.  Tiie  chief  advan- 
tage of  this  indicator  over  others  ie 
due  to  the  fact  that  it  imliratvs  the 
presence  of  organic  acid  and  ;icii[ 
compounds    in   its    reaction.     I'or 

actual  titration  ^  (yV  nontiaU  siilntinn.s  of  .suiliuiii  hydrate  or  of  hy- 
drochloric acid  are  usetl.  Since  media  in  the  pnx'i'.-i.-j  of  (jivparation 
are  usually  acid,  the  NaOH  .solution  is  the  one  most  frciiuently  needed. 
Five  c.c.  of  the  mediuni  to  be  tested  is  measured  lu'curalely  in  a  «;are- 


FlU.  19. — BUKETTE    FOB    TrTRATINO 
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fully  washed  pipette  and  transforrcd  into  a  porcelain  evaporating  dish. 
To  this  arc  added  45  c.c.  of  distilletl  water.  The  mixture  is  thoroughly 
boiled  for  three  minutes  over  a  free  liame.  The  boiling  drives  off  COj. 
giving  the  true  neutral  fjoint,  and  approxinuites  the  conditions  prevailing 

during  the  further  sterilization  of 
the  medium  from  which  the  5  c.c. 
have  been  taken.  Aft-er  boiUng,  1 
c.c.  of  the  phenolphthalein  is  added. 
If  the  medium  is  acid,  no  color  is 
prt'sent;  if  alkaline,  a  pink  or  red 
color  appears.  The  t^  alkali  or 
acid  solution  is  allowed  to  tlrop 
into  the  dish  from  a  graduated 
burette.  When  the  neutral  point 
is  approached  in  an  acid  solutioii, 
each  drop  of  sodium  hydrate  added 
brings  forth  at  first  a  deep  red, 
which,  however,  upon  slight  stir- 
ring with  a  clean  rod,  complettdy 
disappears.'  The  end  reaction  is 
reached  when  a  faint  but  clear  and 
distinct  pink  color  remains  in  the 
fluid  after  stirring. 

When  titrating  alkaline  media, 
the  addition  of  the  phenolphthalein 
produces  a  red  color  in  the  hot 
medium  which  gradually  fades  upon 
the  addition  of  ^^  HCl,  lieciming 
colorless  at  the  end  point  of  titration.  Titration  should  he  done 
quickly  and  in  a  hot  solution.  From  the  result  of  the  titration  the 
computation  for  the  neutralization  of  the  entire  hulk  of  the  m;>dium 
can  \io  made  by  a  simple  arithmetical  process  as  illustrated  in  the 
following  example: 

Let  us  suppose  that  we  have  used: 


Fio.  20. — TrBiNQ  Media. 


2.5  c.c.  of  -^  NaOH  to  neutralize  5  c.c.  of  the  medium, 

then  2.5  c.c.  of  1^   NaOH  will  neutralize     100  c.c.      "  " 

and    25  c.c.  of   ^  NaOH  will  neutralize  1,(K)0  c.c,  or  one  liter. 


■  See  standard  textbooks  on  volumetric  analysia. 
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The  adjustment  of  the  reaction  of  media  is  largely  determined  by  the 
particular  use*  for  which  the  media  are  desipiied.  For  examinations  in 
the  practice  of  sanitation,  such  as  analyses  uf  wat.er,  ice,  and  milk,  etc., 
the  American  Public  Health  Association  recommends  a  standard  reac- 
tion of  +  1  per  cent  (the  plus  sign  is  used  to  indicate  acidity,  the  minua 
alkalinity;  +  1  per  cent  is  the  exprcssiun  used  to  indicate  that  one  per 
per  cent  of  ^  sodium  hydrate  solution,  would  be  recjuired  to  neutralize 
the  mediimi  or  10  c.c.  to  the  liter).  For  general  work  with  pathogenic 
bacteria,  the  most  favorable  reaction  for  routine  media  is  slight  alka- 
linity, neutrahty,  or  an  acidity  not  exceeding  +  1  per  cent. 

Methods  of   Clearing   Media. — Clearing  tpith   Eggs. — WTien   culture 
media  are  prepanxl  from  substances  containing  no  coagulable  proteid, 
it  is  often  necessarj",  for  purposes  of  clearing,  to  add  the  whites  of  eggs, 
and  then  to  heat  for  forty-five  min- 
utes in  the  Arnold   st«iilizcr.      In 
the  following  detailed  descriptions, 
the  direction  "  clear  with  egg "  has 
been  given  whenever  such  a  step  is 
deemed  necessary.    The  exact  tech- 
nique  of  such   a  procedure   is  as 
follows:  f 

Id    a   small    pot  or    pan,   the 
es  of  several  eggs  (one  or  two 
to  each  liter  of  medium)  are 
en  up  thoroughly  with  a  little  | 

"w^ler  (20  c.c).  This  egg  white  is 
then  poured  into  the  medium, 
which,  if  hot,  as  in  the  case  of 
melted  agar  or  gelatin,  mu.st  first 
be  cooled  to  about  50°  to  55°  C. 
The  mixture  is  then  thoroughly 
slmken  and  steamed  in  the  .\moId 
sterilizer  for  thirty  minutes.  At  a 
the  end  of  this  time  the  flask  con-  p,Q 
taining  the  medium  is  ix>moved  from 
the  sterilizer  and  thoroughly  shaken 

BO  as  completely  to  break  up  the  coagulum  which  has  formed.  It  ia 
then  replaced  and  allowed  to  steam  for  another  fifteen  minutes.  At 
the  end  of  this  time  the  medium  between  the  coagula  should  be  clear. 
It  ia  now  ready  for  filtration  through  cotton. 


m 


21. — Media  in  Tubes:  a,  broth; 
6,  agar  slant;  c,  potato. 
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Filtering  Media  through  Cotton. — ^The  filtration  of  metlia  after 
clL'ftriiig,  either  by  the  aridition  of  eggs  or  by  the  coagulation  of  the  pro- 
teids  originally  contained  in  it,  is  best  done  through  absorbent  cotton. 
A  sinull  spind,  improvised  of  ropper  wire,  is  placed  as  a  su[)|)iirt  in  the 
bottom  of  a  large  glass  funnel.     A  square  piece  of  absorbent  cotton  is 


Fig.  22. — Bejvkefeu)  PIltsh. 

then  split  honzonta'Jv.  giving  two  squares  of  equal  size.  Ragged  edges 
and  incisures  should  be  avoided.  These  two  layers  of  cotton  are  then 
placed  in  the  funnel,  one  piece  above  the  other  in  such  a  wa^'  that  the 
direction  of  the  fibers  of  the  two  layers  is  at  right  angles  one  to  the  other. 
They  are  then  gently  depressed  into  the  filter  with  the  closed  fist.    The 
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iges  of  the  cotton  are  made  to  adhere  to  the  sides  of  the  funnel  by 
[allowing  a  thin  stream  of  tap  water  to  nin  over  them,  whUe  smoothing 
^tliem  against  the  gln.sa  with  the  hantl. 

The  medium,  when  poured  into  such  a  filter,  should  be  poured  along 
.  glass  rod  at  first,  to  avoid  niniiing  down  the  sides  or  bursting  the  filter. 
fAfter  fihrafion  has  begun,  the  filter  should 
kept  as  full  as  ]K)8sible.  The  first  liter 
)r  so  wliieh  comes  through  may  not  be  clear, 
3ut  the  filter  gains  in  efficiency  as  the  coag- 
ilum  settles  into  the  fibers  of  the  cotton, 
jid  the  first  j-ield  may  be  sent  through  a 
econd  time.  Filtration  of  agar  or  gelatin  is 
(best  done  in  a  warm  room  w'ith  windows 
nd  doors  closed,  and  the  filter  covered  with 
lid,  to  avoid  too  rapid  cooling.  The  funnel 
md  filter  should  be  warmed  just  before  use. 
FilUrimj  Ihrnui/h  Paper. — Many  media 
may  Ix?  efficiently  cleared  by  filttatioii 
through  close  filter  paper  without  tin-  aid  of 
coagula. 

The  Tubing  of  Media.— Most  of  the  media 
jesttribed  in  the  foregoing  section  are  used 
lin  tost  tub<>s.  In  order  to  fill  these  tuhiT<, 
(the  nie<lia  are  be.st  poured  into  a  large  glaas 
funnel  to  which  a  glass  discharging  tul)e  has 
jbeen  fitted  by  means  of  a  short  piece  of 
ibber  tubing  (see  Fig.  20).  I'pon  this  is 
)laccd  a  thmnb  cock.  The  plug  is  then  re- 
lovcd  from  the  test  tube  by  cMcliing  it  be- 
kveen  the  small  and  ring  fingersiof  the  right 
ijaud  and  the  glass  outlet  is  thrust  deeply 
ito  the  test,  tube,  in  order  to  prevent  the 
sictlium  from  touching  the  upper  portion 
if  the  test  tube  where  the  cotton  plug 
will  be  lodgerl.      .\bout    7   to  8  c.c.   is  put   in   each   test  tube. 

Sterilization  of  Media, — By  Heat. — Media  which  contain  neither 
sugars,  gelatin,  glycerin,  nor  animal  serum  may  be  sterilized  in  the  auto- 
clave at  fifteen  pounds  pressure  for  fifteen  minutes  to  half  an  hour. 
Media  which  contain  these  or  other  substances  subject  to  injuiy  from 
[the  high  temix?rature,  must  be  sterilized  by  the  fractional  method. 


Fig.  23.— Bekkeffld 
Filter. 
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i.e.,  by  twenty  minutes'  exposure  in  the  live  steam  sterilizer  (Arnold, 
Fig.  9,  p.  70)  on  each  of  three  consecutive  days.  During  the  intervals 
between  sterilizntions,  they  .-should  bo  kept  at  room  temperature  or  in  the 
ini-ubator,  to  pennit  the  germination  of  spores  which  may  be  present. 
Media  containing  animal  serum  or  other  albuminous  solutions  which 
arc  to  be  sti'riiizcd  without  coagulation,  may  be  sterilized  in  wate 
baths,  or  in  hot-air  chambers  (Fig.  10,  p.  71),  at  temperatures  varying 
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from  GO**  to  70°  C,  by  the  fractional  method.     In  such  ca.ses  five  or 
six  exposures  of  one  hour  on  succeeding  days  should  bo  employed. 

Bj/  Filtration. — It  is  often  desirable  in  bacteriological  work  to  free 
fluid  from  bacteria.  This  is  frequently  necessarj'  for  the  sterilization 
uf  blood-scrum  or  exudate  fluids,  or  for  obtaming  toxins  free  from  bac- 
teria. For  the.sc  purpo.ses  a  large  variety  of  filters  arc  in  use.  Those 
most  commonly  ciiif)loyed  are  of  the  Chamhorland'  or  Derkefeld  type, 
which  consist  of  hollow  caudles  made  of  unglazed  porcelain  or  dia- 
tomaceoua  earth.  Both  these  types  are  made  in  various  grades  of  fine- 
ness, upon  which  depend  both  the  speed  of  fihratinn  and  the  efhciency. 
They  are  made  in  various  forms  and  models,  some  of  which  are  sliown 


>  Pasteur  and  ChambeHand,  Compt.  rend,  de  I'acad.  des  ad.,  1884. 


THE  PREPARATION  OF  CULTURE  MEDU 


123 


in  the  accompanying  figures.  In  most  of  the  methods  of  filtration 
commonly  employed  the  fluid  which  is  to  be  filtered  is  suckrd  throvigh 
the  walls  of  the  filter,  either  by  a  hand  suction-pump  or  by  some  form 
of  vacuum-pump  attached  to  an  ordinary  water-tap. 

The  hollow  candle-filter  may  either  be  firmly  fitt»'d  into  a  cylin- 
drical glass  chimney  and  surrounded  by  the 
fluid  which  is  to  be  filtered,  or  el.se  the  candle 
may  be  connected  to  the  collecting  (lask 
with  sterile  rubber  tubing  and  suspended 
freely  in  the  fluid.  Perfect  filters  of  these 
types  will  hold  back  any  of  the  bacteria 
known  to  us  at  present. 

Filters  before  use  must  be  sterilized. 
The  candles  themselves  are  8ubjectp<l  to 
l.^O"  C.  in  the  hot-air  sterilizer  for  one  hour. 
The  glassware  and  washers  necessarj'  for 
setting  up  the  apparatus  may  be  sterilized 
by  boiling.  In  order  that  filters  may  be  re- 
peatedly used  with  good  result,  it  is  neces- 
sary that  they  should  Ijc  carefully  cleaned 
from  time  to  time.  This  is  best  done  in  the 
following  way: 

Filters  through  which  fluids  from  li\'ing 
cultures  have  passed  are  first  sterilized  in 
the  /Vmold  steam  sterilizer.  Their  exterior 
is  then  carefully  cleaned  with  a  fine  brush. 
Following  this  a  five-tenths  per  cent  solu- 
tion of  potassium  permanganate  is  pitsscd 
through  them  and  this  again  removed  tiy 
sucking  through  a  five  per  cent  solution  of 
bisulphite  of  soda.  This  last  is  washed  out 
by  sending  a  conaiderable  quantity  of  dis- 
tilled water  through  the  filter,  which  is  then  dried  and  eterilLze^l  by 
heat. 

The  suction  necessary  for  filtration  through  these  filtcra  is  u.sually 
applied  by  means  of  the  ordiuarj'  suction-pump  attaehcil  to  a  nnming 
faucet, 

Slan'ing  of  Media. — Soliil  media  which  are  to  Ik"  used  in  slanted  form 
in  test  tuix's  shuuld  be  inclined  on  a  ledge  (ea.sily  iniprovLscd  of  glas.'^ 
.tubing)  at  the  proper  slant,  after  the  last  sterilization.    .\gar,  the  medium 
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most  frequently  employed  in  this  way,  should  bo  left  in  this  position 
for  two  or  three  days,     (See  Fig.  21,  6.) 

ACTUAL    STEPS    IN   THE    PREPARATION    OF   NUTRIENT    MEDIA 


Bnth.—Meat  Exlrncl  Broth. — 1.  To  1,000  c.c.  of  distilled  or  clear 
tap  water  add  5  gma.  Liebig's  meat  extract,  10  gms.  Wittc's  pepton, 

and  5  gnis.  common  salt  (NaCl). 

2.  Weigh  solution  with  containing 
vessel  (any  suitable  agate-ware  vessel 
or  gliiss  flask  will  do). 

3.  Heat  over  free  flame  until  thor- 
oughly dissolved,  stirring  constantly. 

4.  Weigh  again  and  make  up  loss 
by  evaporation. 

5.  Determine  volume. 
G.  Titrate   and  adjust  to  required 

reaction,  heating  over  free  flame  for 
five  minutes. 

7.  Filter  through  paper  until  clear. 

8.  Sterilize. 
If  medium  can  not  be  cleared  by 

(iltoring  t!u-ough  paper,  clearing  by 
white  f>f  egg  may  be  resorted  to  and 
the  medium  filtered  through  cotton. 

Meal  Infu!<i<ni  Broth. — 1.  Infuse 
.^00  gms.'  of  lean  meat,  twelve  to 
twenty-four  hours,  with  1,000  c.c.  of 
distil  let!  water  in  refrigerator. 

2.  Strain  through  wet  cotton  flan- 
nel or  wet  cheese-cloth  and  make  up 
volume  to  1,000  c.c. 

3.  -Vdd  5  gms.  common  salt  and 
10  gms.  Witte's  pepton. 

4.  Weigh  with  containing  vessel. 

5.  Warm  over  flame  or  water  bath,  stirring  until  pepton  is  dissolved, 
not  allowing  temjjerature  to  rise  above  50°  C. 

6.  Determine  volume. 


FiQ.    26. — Maasse:n    Filter,    fob 

SMALL,   (iUA.NTITIE8   OF   FlUID. 


'  Roughly,  1  pound  (IJ  lb.). 
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7.  Titrat-c  and  adjust  reaction  to  neutral. 

H.  Heat  iu  Aniold  sterilizer  for  thirty  iniuutes;  shake  or  stir  well 
and  heat  again  for  fifteen  minutes. 

9.  Detonnine  weight  and  restore  loss  by  evaporation. 

10.  Determine  volume,  titrate,  and  adjust  ivaction  to  desired  point 
(usually  one  per  cent  acid). 

11.  Heat  again  for  five  minutes  if  adjustment  of  R'action  has  been 
necessary. 

12.  Filter  through  absorbent  cotton,  passing  the  filtrate  through 
the  same  filter  until  clear. 

13.  Titrate  and  record  the  final  reaction. 

Place  in  cotton-plugged  sterile  flasks  or  plugged  sterile  test  tubes, 
and  sterilize  for  thirty  minutes  in  the  .Vrnold  sterilizer  on  three  suc- 
cessive days,  leaving  at  room  tcniperaliire  in  the  intervals. 

Sugar-Free  Broth. — 1.  Make  I  liter  of  meat  infusion  broth,  following 
Bteps  1,  2,  3,  4.  5,  G,  7,  and  S';  then  filter  through  thin  cotton  filter  to 
remove  gross  particles — total  clearing  is  not  necessuiy. 

2.  Put  the  broth  in  a  flask  and  cool.  Then  add  10  c.c.  of  a  twenty- 
four-hour  broth  culture  of  B.  coli  communis. 

3.  Place  the  flask,  stoppered  with  cotton,  in  the  incubator  at  37°  C. 
for  eighteen  hours.  (The  bacteria  will  ferment  and  thus  destroy  any 
sugar  [monosaccharid]  which  may  be  present  in  the  broth,  and  thus 
render  the  broth  sugar-free  and  acid.) 

4.  Heat  thoroughly  to  kill  the  bacteria. 

5.  Determine  weight  and  bring  to  1,015  gms.  Then  determine 
volume  and  titrate,  and  adjust  to  neutral.    Heat  thoroughly  again. 

6.  Filter  through  filter  paper  until  clear. 

7.  The  pure  sugars,  dextrose,  lactose,  saccharo.se,  etc.,  are  then  added 
to  separate  portions  (250  c.c.)  of  the  broth  in  the  proportion  of  one 
per  cent. 

8.  When  the  sugars  are  dis.solved,  tube  the  broth  iniinediately  in 
fermt-ntation  tubes,  and  sterilize  by  di^'coutinuDus  sterilization,  never 
heMing  over  twenty  minutes  at  a  time,  as  heat  tends  to  destroy  or 
change  the  sugars. 

Glycerin  Broth. — To  ordinary,  slightly  acid  or  neutral  meat  in- 
fusion broth,  add  six  per  cent  of  C.  P.  glycerin.  Sterilize  by  frac- 
tional method. 


'  Tliese  Btepa  refer  to  tlic  regular  directions  for  making  inlusion  broth. 
liter  of  previously  made  infusion  broth  may  be  used  instead. 


One 
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Calcium  Carbonate  Broth. — Tbis  medium  is  designed  for  obtaining 
mass  cultures  of  pneumococcus  or  streptococcus  for  purposes  of  im- 
munization or  agglutination. 

To  too  c.c.  of  meat  infusion  broth  in  small  flasks,  add  one  per  cent 
of  powdered  calcium  carbonate,  and  one  per  cent  of  glucose.  It  is  a 
wise  precaution  to  sterilize  the  dried  calcium  carbonate  in  the  hot-air 
chamljer  before  using.  Small  pieces  of  marble  may  be  used  as  sug- 
gested by  Bolduan. 

Pepton-S(Ut Sdulion  (Dunham's  solution); 

1.  Distilled  water 1,000  c.c 

Pepton  (Witte) 10  gmg. 

Naa 5    " 

2.  Heat  until  ingredients  are  thoroughly  dissolved. 

3.  Filter  through  filter  paper  until  perfectly  clear. 

4.  Tube  twenty-five  tubes,  and  store  remainder  in  250  c.c.  flasks. 
Sterilize  by  discontinuous  method. 

Nitrate  Solution. — 

1.  Distilled  water 1,000      c.c. 

Pepton 10     gnu'. 

Potassium  nitrate 0.2  •" 

2.  Heat  until  ingredients  are  thoroughly  dissolved. 

3.  Filter  through  ftlter  paper  until  perfectly  clear. 

4.  Tube  twenty-five  tubes,  and  store  remainder  in  2.50  c.c.  flasks. 
Sterilize  by  discontinuous  sterilization. 
Uschinskii'sProteid-Free Medium.^ — To  one  liU-T of  distilled  water  add: 

Aspuragin 3.4  grams. 

Ammonium  lactate .10  " 

Sodium  chloride    5  " 

M.'igiii'sium  stitpbate 0.2      " 

Calcium  chloride 0.1      " 

Potassium  phosphate 1.0      " 

When  these  substances  arc  thoroughly  dissolved,  add  40  c.c.  of  glycerin 
Tube  and  sterilize. 

QttXt.^.— Meat-Extract  Gelatin.— I.  To  1,000  c.c.  of  distilled  water 
add  Liebig's  extract  5  gms.,  pepton  10  gms,,  NaCl  5  gms.,  and  120 
gms.  of  the  finest  French  sheet  gelatin.' 

'  irachxnaky,  Cent.  f.  Bakt.,  1,  xiv,  I89.'l 

•The  acidity  and  consistcnoo  of  the  different  commercial  gelatins  vary  con- 
siderably and  care  .should  lie  taken  in  aelcctinn;  a  uniform  and  suitable  brand,  such  as 
Hestcrherp'a  pold  label  gelatin.  It  is  advisable,  when  working  during  the  summer 
or  in  hct  climates,  to  add  130  instead  of  120  grama. 
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2.  Weigh  with  containing  vessel. 

3.  Dissolve  by  warming. 

4.  Adjust  weight,  determine  volume,  titrate,  and  adjust  reaction. 

5.  Cool  to  60°  C,  add  whites  of  two  eggs,  and  stir  thoroughly. 

6.  Heat  for  thirty  minutes,  stir  thoroughly,  and  heat  for  fifteen 
minutes. 

7.  Adjust  weight. 

S.  Filti^r  through  cotton. 
9.  Sterilize. 

Mtal-Infusion  Gdatin. — 1.  Infuse  500  gms.  lean  meat  twelve  to 
twenty -four  hours  with  1,000  c.c.  of  distilled  water  in  refrigerator. 

2.  Strain  through  wet  cotton  flannel  or  wet  cheese-cloth  and  make 
up  volume  to  1,000  c.c. 

3.  Add  5  gras.  common  salt,  10  gms.  Witte's  peptou,  tind  120  gms. 
of  the  finest  French  sheet  gelatin. 

4.  Weigh  with  containing  vessel. 

5.  Warm  over  flame  or  water  bath,  stirring  till  pepton  and  gelatin 
are  dissolved  and  not  allowing  temperature  to  rise  above  50°  C. 

6.  Determine  volume. 

7.  Titrate  and  adjust  reaction  to  neutral. 

8.  Heat  in  Arnold  sterilizer  for  thirty  minutes;  shake  or  stir  well 
and  heat  again  for  Rfteen  minutes. 

9.  Determine  weight  and  restore  loa.s  by  evaporation. 

10.  Determine  volume,  titrate,  and  adjust  reaction  to  desired  point, 
if  necessary  (one  per  cent  acid). 

11.  Heat  five  minutes  over  free  flame,  constantly  stirring,  if  ad- 
justment of  reaction  has  been  necessary. 

12.  Filter  through  absorbent  cotton,  passing  the  filtrate  through 
the  same  filter  until  clear. 

I      13.  Titrate  and  record  the  final  reaction. 

Place  gelatin  in  cotton-plugged  sterile  'I'lO  c.c.  fla.sks  or  about  8  c.c. 
in  pluggetl  sterile  tost  tubes  and  sterilize  for  thirty  minutes  in  the  Arnold 
sterilizer  on  three  successive  days,  leaving  at  room  temperature  in  the  in- 
terva's.  Never  heat  the  gelatin  for  longer  thiin  is  nefes.sary  to  conijily 
with  directions,  or  it  may  not  be  solid  enough  for  use.  With  .'^ome 
brands  of  gelatin  it  may  be  necessarj'  to  add  thirteen  per  cent  in  order 
to  obtain  sufficient  stiffness. 

Agar. — Meal-Exlracl   Agar. — 1.  To  1,000  c.c.  of  distilled  water  (or 
p  water)  add  15  gms.  of  thread  agar,  10  gms.  of  Witte's  pepton,  and 
5  gms.  of  Liebig's  meat  extract,  and  5  gms.  of  common  salt. 
10 
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2.  Weigh  with  containing  vessel.  ^^^B 

3.  Heat  over  free  flame  until  agar  is  dissolvetl,  thirty  to  forty-five 
mimites.  (Grejit  care  should  be  exercised  in  determining  that  agar  is 
completely  in  solution.) 

4.  Detennine  weight  and  make  up  loss  by  evaporation. 

5.  Determine  volume,  titrate,  and  adjust  to  desired  reaction. 

6.  Cool  to  G0°  C. 

7.  Add  whites  of  two  eggs  and  stir  thoroughly, 

S.  Hesit  in  Arnold  sterilizer  thirty  minutes,  stir,  and  reheat  fifteen 
minutes. 

9.  Weigh  and  make  up  loss  by  evaporation. 

10.  Determine  volume,  titrate,  and  correct  reaction  if  necessary.* 

11.  Heat  for  five  minutes,  if  reaction  is  corrected. 

12.  Filter  through  cotton,  tube,  and  sterilize. 

.Afeal-Infusinn  A;j(ir.'' — (A)  1.  Infuse  .lOO  gms.  lean  meat  twelve  to 
twenty-four  hours  in  500  c.c.  of  distilled  water  in  refrigerator. 

2.  Strain  through  wet  cotton  flannel  or  wet  cheese-cloth,  and  make 
up  voiumc  to  500  c.c. 

3.  .'Vdd  10  gms.  of  Witte's  pcpton  and  5  gms.  of  common  salt. 

4.  Weigh  solution  and  containing  vessel. 

5.  Warm  over  free  flame  or  water  bath  till  pcpton  and  salt  are  dis- 
solved, not  allowing  temperature  to  rise  above  50°  C. 

6.  Determine  voiumc,  titrate,  and  neutralize. 

(B)  7.  Add  15  gms.  of  thread  agar  to  600  c.c.  of  distilled  water  and 
l)oil  over  free  fljunc  for  thirty  to  forty-five  minutes,  watching  and  stirring 
constantly,  or  preferably  heat  in  autoclave  till  afiar  is  completely  dis- 
solved. This  will  lose  weight  by  evaporation-  final  weight  should  be 
515  gms. 

8.  Cool  this  to  about  60°  C. 

(C)  9.  Then  to  the  solution  A  of  meat  infusion  (at  50°  C.)  add  the 
solution  B  of  aj^ar  (at  60°  C). 

10.  Determine  volume,  titrate,  and  adjust  reaction  to  plus  one  per 
cent  acid  or  any  desired  reaction. 

11.  Heat  for  thirty  minutes  in  Arnold  sterilizer  or  antoclave. 
Shake  or  stir  thoroughly,  and  heat  fiftcco  minutes  more.  Adjust 
weight  by  adding  water, 

'  While  titrating,  care  ahould  be  takea  that  medium  doea  not  solidify  along  sides 
of  vessel.    Agar  may  be  made  more  quickly  and  guccessfully  in  autoctave. 

'  Glycerin  agar  ia  made  by  adding  6  per  cent  of  C.  P.  glycerin  to  meat-e.xtract 
or  meat^infuaioD  agar. 
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13.  Filter  through  absorbent  cotton,  passing  the  filtrate  through  the 
me  filter  until  clear. 

14.  Titrate  and  record  finid  reaction. 
Place  agar  in  cotton-plugfired  sterile  flasks  or  plugged  sterile  test 

tubes  and  sterilize  for  thirty  inirmtes  on  three  successive  days. 

I     Ladose-Litmus-Agar  O^'urtz). — 1.  Put   1,.500  c.c.  distilled  water  in 

previously  weighed  agute-ware  vessel. 

2.  Add  15  gnis.  thread  agar  and  boil  over  frce  flame  for  thirty  to 
forty-five  minut«s,  watching  and  stirring  constantly  till  the  agar  is 
completely  dLs-solved. 

3.  -Add  .5  gms.  Liebig"s  extract  of  meat,  5  gms.  NaCl,  10  gms.  Witte's 
pepton,  and  dissolve  completely. 

4.  Restore  loss  by  evaporation  to  1,03.5  gms. 
Determine  volume,  titrate,  and  adjust  reaction  to  one  per  cent 


5. 


^ 


acid. 

6.  Place  in  a  flask  and  cool  to  60°  C. 

7.  .\dd  the  whites  of  two  eggs  beaten  up  in  50  c.c.  of  water  and  mix 
thoroughly. 

8.  Ueat  for  thirty  minutes  in  Arnold  sterilizer,  shake  thoroughly, 
nd  heat  again  for  fifteen  minutes. 

9.  Adjust  weight. 

10.  Filter  through  absorlx-nt  cotton  to  clear. 

11.  Add  two  per  cent  pure  lactose  (milk  sugar).' 

12.  Add  enough  pure  five  per  cent  litmus  solution '  to  bring  to 
purple  color  when  cold. 

13.  Tube  and  sterihze. 

Welch's  Modifwalion  of  Guamieri's  Medium.' — This  medium  is  made 
on  a  meat-infusion  basis,  according  to  the  directions  given  for  the  pix'p- 
aration  of  meat-infusion  agar.  It  contains  5  grams  of  agar,  SO  grams  of 
gelatin,  5  grams  of  NaCl,  and  10  grams  of  pepton  to  one  liter.    It  should 


<  Add  lactose  and  litmus  to  2.50  c.c.  for  25  tubes;  keep  the  remainder,  with* 
out  lactose,  stored  in  small  sterile  flasks  for  furttier  use. 

'The  litmus  solutions  used  in  the  preparation  of  media  are  heat  mode  up  as  fol- 
lows: Litmus  in  substance — Merck's  purified,  nr  Kaulbaum's — is  dissolved  in  water 
to  the  extent  of  5  per  cent.  The  wilution  is  imule  by  heatin;;  in  an  .\niolil  sterilizer 
for  al>out  one  Ui  two  hours,  sluikiug  occasion  ally.  The  solution  is  then  filtered  through 
paper  and  sterilize<l.    It  shiuilit  be  kept  Bt<>rile.  as  molds  will  grow  in  it  otherwise. 

A  standani  litmus  solution  which  is  marketed  for  laboratory  purposes,  known 
"Kubel  and  Tiemann's"  solution,  may  be  uaed. 

•  Welch,  Bull.  Johns  Hopkins  Hoep, 
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be  adjusted  to  a  neutral  reaction.    It  Ls  used  for  stab  cultures  and  is 
designed  chiefly  for  pncuiuococcus  cultivation  and  storage. 

Donett  Egg  Medium — This  medium  ia  chiefly  useful  for  the  cul- 
tivation of  tubercio  bacilli. 

1.  Carefully  break  eggs  and  drop  the  contents  into  a  wide-mouthed 
flask.  Break  up  the  yolk  with  a  sterile  platiniun  wire,  and  shake  up 
the  flask  until  the  whites  and  yolks  are  thoroughly  mixed. 

2.  Add  25  c.c.  of  distilled  water  to  every  four  eggs;  strain  through 
sterile  cloth. 

3.  Pour  10  c.c.  each  into  sterile  test  tubes  and  slant  in  an  inspissator 
and  expose  to  73°  C.  for  four  to  five  hours  on  two  day.s. 

4.  On  the  third  day,  raise  the  temperature  to  76"  C. 

5.  The  .sterilization  may  be  finished  by  a  single  exposure  to  100° 
C.  in  the  Arnold  sterilizer  for  fifteen  minutes.  Before  inoculation,  add 
two  or  three  drops  of  sterile  water  to  each  tube. 

For  a  description  of  PctrofT's  medium  for  the  isolation  of  tubercle 
bacilli,  see  page  484. 

Potato  Media. — Large  potatoes  are  selected,  washed  in  hot  water, 
and  8crubl>ed  with  a  brush.  They  are  peeled,  considerably  more  than 
the  cuticle  beiiig  removed  The  peeltnl  potatoes  are  washed  in  running 
water,  followng  which  cylindrical  pieces  are  removed  with  a  large 
apple  corer.    The  cylinders  are  cut  into  wedges. 

Since  the  reaction  of  the  potato  is  normally  acid,  this  should  be  cor- 
rected by  washing  the  pieces  in  running  water  over  night,  or,  better, 
by  immersing  them  in  a  one  per  cent  solution  of  sodium  carbonate  for  half 
an  hour. 

The  pieces  are  then  inserted  into  the  large  variety  of  test  tubes 
known  as  "potato  tubes."  (See  Fig.  21,  c.)  In  the  bottom  of  the 
tubes  a  small  amount  of  water  (about  1  c.c.)  or  a  small  quantity  of 
moist  absorbent  cotton  should  be  placed  in  order  to  retard  drying  out 
of  the  potato.  The  tubes  are  sterilized  by  fractional  sterilization, 
twenty  minutes  to  half  an  hour  in  the  Arnold  sterilizer  on  three  suc- 
cessive days. 

Glycerin  Potato. — In  preparing  glycerin  potato  the  potato  wedges 
are  treated  as  above,  antl  arc  tiicn  soaked  in  a  ten  to  twenty-five  per 
cent  aqueous  glycerin  solution  for  one  to  three  hours.  A  .small  quantity 
of  a  ten  per  cent  glycerin  solution  should  be  left  in  the  tul>es.  In  steril- 
izing the.sc  tubes,  thirty  niiimt<'S  a  day  in  the  .\mold  after  In-aling  of 
the  sterilizer  will  sterilize  without  altering  the  glyci^rin. 

Milk  Media. — Fresh  milk  is  procured  and  is  heatetl  in  a  flask  for 
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teen  minutea  in  an  Arnold  sterilizer.     It  is  then  set  away  in  the  ice 

e.«t  for  a'wut  twelve  hours  in  order  to  allow  the  cream  to  rise.     Milk 

d  cream  are  then  separated  by  siphoning  the  milk  into  another 

ask.     It  is  rarely  necessarj-  to  adjust  the  reaction  of  milk  prepared  in 

is  way,  since,  if  acid'at  all,  it  is  usually  but  slightly  so.     If,  however, 

should  prove  more  than  1.5  per  cent  acid,  it  should  be  discarded 

or  neutralizwl  with  sodium  hydrate.     Th«  milk  may  then  be  poured 

into  test  tubes  without  further  additions,  or  litmus  solution  may  be 

added  in  a  quantity  sufficient  to  give  a  purplish  blue  color.    The 

bes  are  sterilized  by  fractional  sterilization  in  the  Arnold  sterilizer  for 

irty  minutes  on  three  successive  days. 

Serum  Media. — Loeffler's  Medium. — Beef  blood  is  collected  at  the 
ughter  house  in  high  cylindrical  jars  holding  two  quarts  or  more. 
t  is  desirable  that  attempts  should  be  made  to  avoid  contamination 
much  as  is  feasible  by  previously  sterilizing  the  jars,  keeping  them 
vered,  and  ejcercising  care  in  the  collection  of  the  blood. 

The  blood  is  allowe<l  to  coagulate  in  the  jars,  and  should  not  be 

lOved  from  the  slaughter  house  until  coagulated.    All  unnecessary 

ing  of  jars  should  be  avoided.     As  soon  as  the  coagulum  is  fully 

formed,  adhesions  between  the  clot  and  the  sides  of  the  jar  should  be 

carefully  separated  with  a  sterile  glass  rwl  or  wire.     The  jars  are  then 

set  away  in  the  ice  chest  for  24  to  36  hours.     At  the  end  of  this  time 

clear  senmi  will  be  found  over  the  top  of  the  clot,  and  between  the  clot 

d  the  jar.     This  should  be  pii>ettf'd  off,  preferably  with  a  large  pipette 

50  tolOOc.c.  capacity,  or  siphoned  off  with  sterile  glass  tubing,  and 

f erred  to  sterile  flasks. 
To  three  parts  of  the  clear  serum  is  then  added  one  part  of  a  one 
per  cent  glucose  beef  infusion  or  veal  infusion  bouillon.  The  mixture  is 
filled  into  tubes,  pcrfcrably  the  short  test  tubes  commonly  used  for 
diagnostic  diphtheria  cultures.  The  tubes  are  then  placed  in  a  slanting 
position  in  the  apparatus  known  as  an  inspissator  (see  p.  71).  This  is 
a  double-walled  copper  box  covered  by  a  glass  lid,  cased  in  asbestos, 
and  surrounded  by  a  water  jacket.  It  is  heated  below  by  a  Bunsen 
flame.  Together  with  the  tubes  a  small  open  vessel  containing  water 
should  be  placetl  in  the  inspissator  to  insure  suflicient  moisture.  The 
temperature  of  the  inspissator  is  now  raised  to  70°-75''  C,  care  being 
taken  that  the  rise  of  temperature  takes  place  slowly.  The  temperature 
b  maintained  at  this  point  for  two  hours,  and  the  proce^ss  is  repeated,  for 
the  same  length  of  tune,  at  the  same  temperature,  on  six  successive 
days,  preferably  without  removing  the  tubes  from  the  mspissator  at 
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any  time.  It  is  also  possible,  though  less  regularly  jnelding  good  results, 
to  sterilize  in  the  inspissator  for  one  day,  following  this  on  the  second 
and  third  days  by  exposure  for  thirty  minutes  to  10()°  C.  in  the  Arnold 
steam  sterilizer.  In  doing  this,  the  Arnold  should  he  vcrj*  gradually 
heated,  at  first  without  outer  jacket,  this  being  lowered  only  after 
thorough  heating  has  taken  place. 

Serum-Water  Media  for  Ferrnenlniion  TeMs. — For  the  deter- 
mination of  the  fermentative  powers  of  various  micDKirganJsms 
for  purposes  of  differentiation,  Hiss  has  devised  tlw  following  media 
in  which  the  cleavage  of  any  given  carlxthydratc  is  indicated, 
not  only  bj'  the  production  of  an  acid  reaction,  but  by  the  coagulation 
of  the  serum  proteids. 

Obtain  clear  beef  serum  by  pipetting  from  clotted  blood  in  the  same 
way  a.s  this  is  obtained  for  the  preparation  of  Loefller's  l)lood-.serum 
medium.  Add  to  this  two  or  three  times  its  bulk  of  distilled  water, 
making  a  mixture  of  serum  and  water  in  proportions  of  one  to  two  or 
three.  Heat  the  mixture  for  fifteen  minutes  in  an  Arnold  sterilizer  at 
100°  C.  to  destroy  any  diastatic  ferments  present  in  the  serum.  Add 
one  per  cent  of  a  five  per  cent  aqueous  litmus  solution  (the  varia- 
tion in  the  different  litmus  preparations  as  olitaiiicd  in  lalK)ratorie8 
necessitatea  a  careful  addition  of  an  aqueous  litmus  solution  until 
the  proper  color,  a  deep  transparent  blue,  is  obtained,  rather  than 
rigid  adherence  to  any  quantitative  direction.^).  Add  to  the  various 
fractions  of  the  medium  thus  made  one  per  cent  respectively  of  the 
sugars  which  are  to  be  used  for  the  tests. 

For  the  preparation  of  inulin  medium,  made  in  this  way  for  pneu- 
moeoccus-streptoeoccus  differentiation,  it  is  necessary  to  .sterilize  the 
inulin  dissolved  in  the  water  to  be  atUled  to  the  serum  in  an  autoclave 
at  high  temperature  (15  pounds  for  15  minutes)  in  order  to  kill  spores 
before  mixing  with  the  serum.  The  serum-water  media  are  sterilized  by 
the  fractional  method  at  100"  C,  at  which  temperature  they  remain  fluid. 

Special  Media  for  Colon-Typhoid  Differentiation.' — Hiss'  Plating 
Medium.^ — The  composition  of  this  medium  is  as  follows: 

Agar 15  gam. 

Gdatin 15    " 

Liebig'a  meat  extract 5     " 

Sodium  chloride 5     " 

DertTOM 10    " 

Distilled  water 1,000  c.c. 

■  For  details  of  uae  of  tbcaa  8i>ecial  media  ace  olao  chapter  on  Bacillus  typhosus, 
'  UiM,  Jour.  Exp,  Med.,  ii,  1897;  Jour.  Med.  Keoeurcb,  viii,  1902. 
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The  agar  is  thoroughly  dissolved  in  1,000  c.c.  of  distillwl  water.  When 
the  ftgar  is  meltpd,  thf>  gelatin,  meat  extract,  and  salt  are  a<:lded  and  dis- 
solved l)y  further  heating.  Any  loss  in  weight  is  then  adjusted  by  the 
additiun  of  water.  No  titration  or  adjustment  of  reaction  is  necessary. 
The  medium  should  be  cleared  with  the  wliitea  of  two  eggs,  and  filtered 
through  cott«n.  To  the  cleared  medium  is  added  one  per  cent  of  dex- 
trose, and  the  medium  tubed,  about  8  c.c.  to  each  tul>c,  and  sterilized. 
I  Hiss'  Tube  Medium. — ^The  composition  is  as  follows: 
T 
iBth( 
and  < 


5  gins. 
80     " 
5     " 


Agar : 

Gelutin 

Liebig'a  meat  extract 

Sodium  chloride H     " 

Dextrose 10     " 

Distilled  water V.CXX)  c.c. 


The  method  of  preparation  is  the  same  as  for  the  platibg  me<lium.    Tlie  agar 
I  IB  thoroughly  dissolved,  and  then  the  gelatin,  meat  extract,  and  .salt  are  added 
'  and  dissolved.    After  adjusting  the  loss*  in  weight,  the  volume  should  be  deter- 
mined, a  careful  titration  nimle,  and  the  reaction  adjusted  to  one  and  five-tenths 


I 


per  cent  acid  by  the  addition  of  ,  HCl  solution.    The  medium  is  cleared  with 
eggs,  filtered,  and  one  per  cent  dextrase  added.    It  is  then  tubed  and  sterilized. 

Hesse's  Medium.' — The  me<liiun  devised  by  Hesse  for  tj'phoid-colon 
differentiation  depends  for  its  usefulness,  as  does  the  Hiss  tube  metlium, 
upon  the  great  motility  of  the  tj-phoid  bacillus.  It  may  be  used  directly 
for  the  examination  of  feces  or,  as  suggested  by  Jackson  and  Melia,* 
alter  preUminary  enrichment  of  the  mnterial  to  be  examined  by  the  use 
of  the  lactose-bile  medium  of  Jaclcson.     (See  p.  138.) 

The  Hesse  medium  is  made  up  a.s  follows: 

Agar 5  gras.  (4.5  gma.  absolutely  dry) 

Pepton  (VVitte) 10     " 

Liebin'M  beef  e.xtract S     " 

Sudiuni  chloride. . . . , 8.5     " 

Distilled  water 1,000  c.c. 

Jaclcson  and  Melia  found  that  the  u.se  of  4.5  gms.  of  completely 
dried  agar  give  more  uniform  results,  as  the  amount  of  moisture  in 
conunereial  agar  varies.     The  preparation  of  the  medium  is  as  follows: 

Dissolve  4..5  gins,  of  dry  agar  in  500  c.c.  of  distille<l  water  over  a  free  flame, 
making  up  for  loss  by  evaporation.  In  another  ves.scl  10  gma.  of  pepton,  5  gms. 
of  beef  extract,  and  S..5  gms.  salt,  are  di-s-solved  in  .500  c.c.  distilltnl  water.  This 
may  be  licated  until  dissolved  and  loss  by  evaporation  made  up. 


•  Henae,  Zeit.  f.  Hyg.,  Iviii,  1908.     '  Jackaon  and  Mdia,  Jour,  of  Inf.  Dia.,  vj,  1909. 
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The  solutions  are  mixcni  and  heatnl  tliirly  luinutra;  loss  by  evaporation  w 
then  made  up  and  the  sotiition  is  tiHcrrti  fhri)iiKli  cotton.  The  reaetion  is  ad- 
justed to  one  |)cr  cent  acidity  and  tlie  niediuin  tulu'd — U)  c.r.  Ut  each  tube. 

Ttie  tjTjhoid  bueillus  is  char3el<'rieitic  on  t.hc  He.ssc  nitxtiuin  only  when  the 
dilution  poured  in  the  plates  is  so  high  that  only  a  few  colonies  appear.  The 
typhoid  colonies  arc  much  larger  than  are  the  colon  colonies  and  may  often  be 
several  centimeters  in  diameter. 

Conradi-Drigahki  Medium.^ — Original  directions. 

(a)  Three  pounds  of  meat  are  infused  in  two  liters  of  water  for  twelve  hours 
or  more.  Strain,  boil  for  one  hour  an<l  add  20  gms.  Witte's  {x>pton,  20  gms.  of 
nutrose,  10  gms.  of  NaCl;  boil  one  hour  and  filter.  Add  fiO  gms.  of  agar.  Boil 
for  three  liours  (or  one  hour  in  an  autoclave)  until  agar  is  dissolved.  Render 
weakly  alkaline  to  litmus  paper,  filter,  and  Ixjil  for  half  an  hour  more. 

(b)  Litmus  solution:  Two  hundred  and  sbtty  c.c.  of  litmus  solution  are 
boiled  for  ten  minutes.  (Tlie  litmus  solution  used  by  Conradi  and  Drigalski 
is  the  very  .scn.sitive  miueous  litmus  reconunendcd  by  Kubel  and  Tiemann,  and 
purchasable  under  the  name.)  After  boiling,  30  grams  of  chemically  pure  lac- 
tose are  added  to  the  litmus  solution.  Tlie  mixture  is  then  boiled  for  fifteen 
minutes,  and,  if  a  sediment  has  formed,  is  carefully  decanted. 

(c)  Add  the  hot  lactase  mixture  to  the  hot  agar  solution;  mix  well  and, 
if  necessarj',  again  adjast  to  weak  alkaline  reaction,  litmas  jmper  used  as  an  in- 
dicator. To  this  mixture  add  4  c.c.  of  a  hot,  sterile  ten  per  cent  solution  of 
sodium  carbonate,  and  20  c.c.  of  a  freshly  made  .solution  of  crystal  violet  (c. 
p.  Hochat),  0.1  gram  in  100  c.c.  of  sterile  distilled  water. 

Surface  smears  are  made  upon  large  plates.  These  are  incubated 
twenty-four  hours.  Tj-plioid  colonies  are  small,  blue,  and  transparent. 
Colon  colonies  are  large,  red,  and  opaque. 

Endo'»  Medium.' — L  Prepare  one  liter  o'  meat  infusion  three  per  cent 
agar,  containing  10  grants  of  [x-pton  and  5  grams  of  NaCl. 

2.  Neutralize  and  dear  by  filtration. 

3.  Add  10  c.c.  of  10%  sodium  carbonate  to  render  alkaline. 

4.  Add  10  grams  of  chemically  pure  lactose. 

5.  Add  5  c.c.  of  alcoholic  fuchsin  solution,  filtered  before  using.  {Endo  in 
his  original  contribution  does  not  mention  the  strength  of  this  fuchsin  solu- 
tion, wliich,  however,  should  he  saturated.    Tliis  colors  the  medimn  red. 

6.  Add  25  c.c.  of  a  10%  sodium  sulphite  solution.  This  again  decolorizes 
the  medium,  the  color  not  entirely  disappearing,  however,  until  the  agar  is 
cooled. 

7.  Put  into  test  tubes,  15  c.c.  each,  and  sterilize. 

>  ConTadi-Drigalski,  Z«it.  f.  Hyg.,  xxxix,  1902. 
*Endo,  Cent.  f.  Bakt.,  xxxv,  10O4. 
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Tlie  medium  should  be  kept  in  dark.  Plates  are  poured  and  surface  smears 
nude.    The  typhoid  colonies  remaio  colorless,  while  those  of  coli  become  red. 

The  preparation  of  Endo's  medium  pre.sents  difficulties  due  to  the 
varying  purity  of  sotlium  sulphite.  Kastle  and  Elvove  '  recommend  the 
use  of  anhydrous  sodium  .sulphite  in.stoad  of  the  crj'stallized  variety. 
Harding  and  Ostenberg  ^  add  stHtium  suljihite  .'solution  to  a  niea.sured 
amount  of  .5  per  cent  fuchsin  to  determine  the  proportions  whicli  ^ve  the 
greatest  delicacy  of  reaction  as  ttwted  ivith  formaldehyde.  The  propor- 
tions so  determined  are  then  added  tu  the  hot  3  per  cent  agar. 

Although  Endo  descrilied  his  medium  as  dependent  upon  the  forma- 
tion of  acid  by  the  bacteria,  this  is  not  so.  Acids  give  no  coloration  of 
the  sulphite-fuchsin  mixture.  Indeed  this  mixture  is  used  by  chemists 
under  the  name  of  Schiff's  reagent  as  a  test  for  aldehydes.  Acids  decol- 
orize the  red  caused  by  aklehydes,  antl  this  accounts  for  the  frequent 
late  discoloration  of  red  colon  colonies  on  prolonged  cultivation.  The 
medium  is  red  when  hot,  and  colorless  when  cold,  because  the  com- 
pound between  sulphite  and  fuchsin  dissociates  in  the  hot  solution. 

Kendall's  Modification  of  Endo's  Medium.' — 1.5  per  cent  meat  extract  agar 
is  prepared,  and  the  reaction  adjusted  faintly  alkaline  to  litmus  by  the  liddltion 
of  NaOH.  This  agar  Ls  stored  in  smiiU  fliLsks  and  it  is  u.Himlly  convenient  to 
keep  flasks  containing  1(K)  c.c.  each.  Jast  before  use,  1  per  cent  of  Sactose  is 
added,  and  then  decolorized  fuchsin  solution,  as  in  Endo's  medium.  Add 
about  I  c.c.  of  decolorized  fuchsin  solution,  made  up  as  above  by  ini.Ying  roughly 
prepared  10  per  cent  sodium  sulpliite  with  .saturated  alcoholic  fuchsin.  (The 
proportions  of  fuchsin  and  sulphite  are  sometimes  difficult  to  adjust,  possibly 
by  reason  of  impurities  in  the  sulphite  due  to  formation  of  sulphate.  The  in- 
structions given  by  most  workers  at  present  are  to  use  10  c.c.  of  a  10  per  cent 
aqueous  solution  of  sodium  sulphite,  and  to  add  to  this  1  c.c.  of  a  10  per  cent 
solution  of  fuchsin  in  96  per  cent  alcohol.)  When  these  flasks  containing  the 
variom  ingredients  are  hot  they  arc  red  or  pink,  but  when  plates  are  poured 
and  allowed  to  harden,  the  medium  should  be  either  colorless  or  very  faintly 
pinkish.  It  is  best  to  pour  a  innuljer  of  plates  rather  tliickly  and  then  allow 
them  to  dry  with  the  covers  off.  Inoculations  from  the  feces  .solution  are  then 
made  by  surface  smear,  with  a  bent  gla.ss  rod.  Colon  colonies  arc  pinkish  and 
red;  typhoid  colonies,  smaller  and  grayish. 

In  concluding  the  description  of  some  of  the  most  important  typhoid  isola- 
tion media,  we  would  like  to  add  that  a  great  deal  seems  to  deijend  upon  the 

«  Kojille  and  Jf/jwi-e,  Jour.  Inf.  Dis.,  xvi,  1909. 

'  Kitrdiiig  unil  (>Klr>tl>erg,  Jour,  of  Inf.  Dis.,  xi,  1,  1909. 

'  Kendall,  Boston  Med.  &  Surg.  Jour. 
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habit-acquired  skill  which  the  individual  worker  attains.  None  of  these  stool 
isolation  media  are  onltnurily  siiccossful  at  once  in  the  hands  of  anyone,  and  a 
certain  amount  of  jiractice  must  be  attained  before  one  can  judge  of  the  use- 
fulness or  uselessuess  of  u  medium. 

BrilUnnl  Green  Agar  for  Typhoid  Iselalion. — Krumwetle  has  recently 
devisi?d  a  lirilliant  green  agar  with  which  he  hsis  had  excellent  results.' 
The  basis  is  an  extract  agar  like  that  used  for  Endo'a  medium: 

Beef  Extract 0.3% 

Salt 0.5% 

Peptone 1.0% 

Agar 1.5% 

(Domestic  peptones  are  satisfactory.) 

Dis.solve  ill  autoclave;  elear  and  lillcr.  .\  dear  agar  is  essential.  The  final 
reaction  of  tiic  medium  is  to  be  neutral  to  '  Andrade's  indicator,  which  in  terms 
of  phenolphthaloin  is  0.6-0.7%  acid  (normal  IICl).  It  is  more  convenient  to 
have  the  reaction  set  slightly  alka'ine  to  litmus  at  thi'  time  of  preparation  and 
io  acidify  each  bottle  as  usi-d..  The  agar  is  bottled  in  100  c.c.  amounts  and  auto- 
claved.  When  needed,  the  i)ottle.s  are  melted  and  the  volume  of  each  cor- 
rected (if  necessary)  to  an  approximate  100  c.c.    Add  to  each  bottle: 

One  per  cent  Andrade's  Indicator. 

Ai'iil  to  liritig  Xx>  neutral  point  of  the  indicator.* 

One  JHT  cent  I>actose.' 

0.1  per  cent  Glucose.* 

Brilliant  Green  in  0.1  per  cent  aqueoas  sohition. 

Two  dilution.'*  of  dye  arc  used  in  routine  ])laiing,  corresponding  to  1-500,000 
and  1-330, IKX)  in  terms  of  solid  dye  (0.2  c.c.  and  0.3  c.c.  of  0.1  per  cent  solution 
per  100  c.c.  of  agar).  The  sample  of  dye  which  Kriimwiede  has  used  is  from 
Bayer,  but  he  has  aI.so  tested  and  found  cciually  .satisfactory  samples  from 
Grijbler  and  Hochst.  0.1  gram  of  dye  i.s  accurately  weighed  on  a  foil,  washed 
with  boihng  H.t)  into  a  KK)  c.c.  volumetric  flitak  and  made  up  to  I  he  mark 
when  cool.  The  flask  should  lie  clean  and  neutral  {by  test).  Fresh  solutions 
vary  in  activity  (see  standardization  tests);  they  keep  about  a  mouth. 

'  We  ore  indebted  to  Dr.  Krumwiak  for  a  prelimiiiary  account  of  this  method. 

*  Andrade's  Indicator:  0.5  per  cent  u(|ueoua  acid  fuchain 100  c.c. 

Nonnal  NaOH 16  c.O. 

The  dye  is  slowly  (2  hours)  alkalinized  to  the  color-base;  the  red  tint  is  restored  by 
acids. 

'  An  agar  is  neutral  to  Andmde  when,  hot,  the  (H>lor  is  a  deep  red,  but  fades  com- 
pletely on  i'iM)liii(j.  TliiH  i.s  ilel(<nnlnpr!  by  cotjling  'i  or  4  c.c.  of  jiciilified  hot  agar 
in  a  scrum  tube  un<ier  the  tap  and  adjusting  accordingly. 

•These  arc  conveniently  added  from  one  .sterile  .siihition  contiiiniuK  20%  lactoee 
and  2%  (Icxtrose,  5  c.c.  to  l(X)  of  agar  gives  the  recguisito  concentration. 
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Each  bottle  is  mixed  and  poured  into  six  plates  only  (a  thick  layer  of  agar 
ipvee  the  most  characteristic  colonics).  Plates  arc  left  uiicovercti  until  agar 
hiw  "jellied";  ]K>rous  tops  are  used;  dry  plates  arc  essential  to  avoid  diffusion. 

Standardizatiun:  The  agar  must  have  proper  "lialance."  The  reaction  ia 
important;  sediment  rctluces  the  activity  of  the  dye  and  light  colored  media 
are  better  than  darker  ones.  Different  lot*  of  agar  wnlh  the  same  dye  solution 
act  ununiformly;  a  new  batch  or  a  new  solution  must  be  tested. 

Any  variation  in  the  composition  of  the  media  necessitates  a  readjustment 
of  dye  concentration;  this  statement  cannot  Im;  over-emphasized. 

Brilliant  green,  in  appropriato  dilution.s,  not  only  inhibits  all  Gram- 
positive  and  many  Grani-nogative  bacteria,  but  exhibits  differential 
action  on  the  colon-typhoid  Rroup.  Paratyphoid  and  the  B.  laetis 
aerogenes  are  untouched,  typhoid  is  restrained  only  at  low  dilutions, 
while  dysentery  and  the  other  colon  group  are  extremely  susceptible. 
The  typhoid  colony  on  this  incdiuni  is  ehnracteristic.  Ijooking  thnnigh 
the  plat<»  against  a  dark  surface,  in  ubliriue  light  the  colony  has  a  snow- 
flake  appearance;  the  edge  dclicjit^ly  serrate.  With  artificial  light  and 
a  hand  leas,  the  t-exture  i.s  that  of  a  coarse  woolen  fabric.  Acitl  produc- 
tion from  the  trace  of  glucose  may  tinge  the  colony.    The  colony  is  large. 

MalachHr-Green  Bouillon  (Pea.body  and  Pratt).' — To  100  c.c.  of  beef  in- 
fusion broth  add  10  c.c.  of  one  per  cent  solution  of  malachite  green,  Hdchst 
120,  made  with  sterile  water.    This  is  tubed. 

This  medium  is  used  as  an  enriching  fluiti.    One  drop  of  the  suspected 

material  (emulsified  stool)  is  added  to  each  tube  and  after  incubation 

for  eighteen  to  twenty-four  hours  inoculations  may  be  m:ide  upon  plates. 

Peabody  and  Pratt  found  a  reaction  of  .5  per  cent  acidity  to  phenol- 

phthalein  most  favorable. 

Bile  Medium^. — (Recommended  for  blootl  cultures  by  Buxton  and 
Coleman.)     The  medium  is  prepared  as  follows: 

Ox-bile : . .  900  c.c. 

Glycerin 100  c.c. 

Pcplon ...  20  gnuns 

Put  into  small  flasks  containing  quantities  of  about  100  c.c.  each  and  sterilized 
by  fractional  sterilijiation. 

Jackson's  Lactose-Bile  Medium.^— This  medium  is  of  great  use  in 
isolating  B.  typhosas  and  B.  coli  from  water,  and  serves  as  a  valuable 
enriching  me<lium  in  isolating  them  from  other  sources.     Jackson  and 

'  Peabody  and  Pratt.  Boston  Med.  and  Surg.  Jour.,  clviii,  7,  1908. 

'  Conrndi,  Deut    n\td.  Wooh.,  32,  1906. 

•  Jurkwn,  ••  lilol.  St  udies  of  Pupils  of  W.  T.  Sedgwick,"  1900,  Univ.  CI»ic4igo  Press. 
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Melia '  found  that  in  this  nio<liiiiii  U.  tyiilmsus  and  B.  coli  outj^ow  all 
othfT  microorganisms  am  icvciihially  IJ.  typlinsus  will  fven  out  grow  B.  coli. 
It  consisU  of  sterilized  undilut^'ii  ox-l>ile  (or  u  ten  per  cent  solution  of  dry, 
fresh  ox-bile)  to  which  w  added  one  |mt  <'»'iil  jx-jiton  and  one  per  cent  Iiictose. 
It  IB  fiUed  int«  fenneutution  tulx'a  and  sterilized  by  the  fractional  method. 

MacConkey's  Bile-Salt  Agat^ — 

Sodium  glycocholate. . . .  .■ 0.5  per  cent. 

Pepton 2.0   "      " 

Lactose 1.0  "      " 

Agar 1.6  "      " 

Tap  water q.8. 

The  agar  and  pepton  are  dissolved  and  cleared  and  the  lactose  and 
sodium  glytwcholate  added  before  tubing.  The  B.  typhosas  produces  no 
change;  B.  coli,  producing  acid,  cau.ses  precipitation  of  the  bile  salts. 

Neidral-Iifji  Medium. — To  100  c.c.  of  a  one  or  two  per  cent  glucoae  agar  add 
1  c.c.  of  a  siiluraled  a<|ueou.s  .solution  of  a  neutral-reiL 

The  mediutti  i.s  ased  in  tubes,  stab  or  .sluike  cultures.  The  typhoid  bacillui* 
Ijrotluccs  no  change,  while  nicinliers  of  tiie  cohiii  group  render  the  medium  color- 
less by  reduction  of  the  neutral-red  and  proiluce  gas. 

Barsiekow'n  Medium* — To  2(X)  c.c.  of  cold  water,  add  10  granw  of  nutrose 
and  allow  to  soak  for  one-half  to  one  hour.  Pour  this  iiitti  .S(K)  c.c,  of  lH>iIing 
water,  and  heat  for  twenty  minutes  in  an  Arnold  sterilizer  at  100°  C.  Filter 
through  cotton  and  to  the  opalescent  s«>lutioii  of  nutrose  add  5  grams  of  NaCI, 
10  grams  of  lactose,  and  sufRcient  aqueous  litmus  solution  to  give  a  pale  blue 
color.' 

RtunteWg  Double  Sugar  Agar.' — Russell  has  devised  a  simple  medium  for 
quick  identification  of  ty|)hoid  bacilli. 

A  2%  or  3%  extract  agar  is  used,  about  0.8%  acid  to  phcnol])htlialein  0.8%. 
Enough  litmus  solution  is  added  to  give  it  the  ordinary  deep  b!ue.  The  re- 
action is  then  a»ljust«l  with  sodium  hydrate  until  neutral  to  litmus.  Finally 
1%  lactose  and  0.1  %  glucose  (dissolve*!  in  a  small  mnount  of  hot  water)  are 
added,  the  medium  is  carefully  sterilized  in  thi^  Arn(jld  sterilizer  and  slanted. 
Inoculations  are  made  by  surface  streak  and  stab.  The  tjiihoitl  bacillus  grows 
colorless  on  the  surface,  but  undt-r  the  imjR'rfect  anaeroi)ic  conditions  at  the 
bottom  of  the  sljib,  a  bright  red  color  is  developed  by  aciti  formation. 

Dieiuloune's  Selective  Medium  for  cholera  spirillum.    See  page  584. 
Eitriching^  Substances  Used  in  Media. — For  the  cultivation  of  micro- 

'  Jackson  and  Mrlm,  .Imir    liif.  Diw.,  vi,  I0O9. 

*BttT»ifkn<i\  Wien.  kliii    Hiiiid,,  xliv.  I!K)I. 

'  Fillrutioii  m:iy  Ix-  clone  tlirouifh  puiHT.  Im(  tiikcs  a  lotiif!  time. 

*Ru»atll.  Jour.  Mod.  Iteaearcli,  xxv,  lUU,  217. 
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organisms  which  arc  sensitive  to  their  fond  environment,  it  is  often  neces- 
sarj'  or  advisable  to  add  to  the  orrltnarj''  media  enriching  substances, 
which  empirical  study  has  shown  to  favor  the  growth  of  the  organism 
in  question.  The  substances  most  commonly  used  for  such  enrichment 
are  glucose,  nutrose  (sodium  caseinatc),  glycerin,  sodium  formate,  and 
unsolidified  animal  proteids.  As  animal  and  blood  serum  and  whole 
bloo<l  must  frecjuently  be  used  in  this  way,  an  understanding  of  the 
methods  employed  in  obtaining  the^e  substances  is  necessary. 

Meihod  of  Obtaining  Blood  and  Blood  Media. — Blood  serum  from 
beef  and  sheep  may  be  collected  in  the  manner  recommended  for  the 
collection  of  such  serum  in  the  preparation  of  Loeffler's  medium,  pipetted 
Into  test  tubes,  and  sterilized  in  the  fluid  state  by  exposure  to  tempera- 
tiures  ranging  from  60°  to  65°  C,  for  one  hour  upon  six  consecutive  daj'S. 
It  is  not  a  simple  matter  to  sterilize  serum  in  this  way  and  requires  much 
time  and  care. 

The  method  most  commonly  employed,  in  laboratories  which  have 
access  to  hospitals,  for  o})taining  clear  .serum  depends  upon  the  collection 
of  exudate  or  transudate  fluids  by  sterile  methods  directly  from  the 
pleural  cavity,  the  abdominal  cavity,  or  the  hydrocele  ca\ity.  Sterile 
flasks  or  test  tubes  are  prepared  and  t  he  fluid  is  allowed  to  flow  directly 
out  of  the  caimula  into  these.  It  is  neoessixry  to  avoid  carbolic  acid  or 
other  disinfectants  in  sterilizing  instruments  and  rubber  tubing  used 
during  the  operation.  These  shoukl  Ik*  brought  into  the  ward  in  the 
water  in  which  they  have  been  boiled  and  not  in  strong  antiseptic  solu- 
tions, as  is  frequently  done.  The  fluid  so  obtained  may  be  incubated 
and  the  contaminated  tubes  discarded.  The  serum  may  then  be  added, 
in  proportions  of  one  to  three,  to  sterile  broth  or  melted  agar. 

Agar  thus?  used  is  melted  and  cooled  to  60°  C,  or  below.  One-third 
of  its  voliune  of  warmed  exudate  fluid  is  added,  and  the  plates  are 
poured. 

Serum  may  be  rendered  free  of  bacteria  by  filtration  through  a 
Berkefeld  or  Pasteur-Cham berl  and  filter.  This  is  an  effectual  method, 
but  requires  much  time  and  care. 

\Miole  blood  may  be  obtained  for  cultural  purposes  by  bleeding 
rabbits  or  dogs  or  other  animals  directly  from  a  blood-vessel  into  tubes  of 
melted  agar.  In  t  he  case  of  a  raiibit,  after  the  administration  of  an  anes- 
thetic (ether),  an  incision  is  made  directly  over  the  trachea,  and,  by 
careful  section,  the  carotid  artery  is  isolated,  lying  close  to  the  side  of 
the  trachea. 
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THE  INFLUENCE  OF   DYE  STUFFS  UPON   BACTERIAL  GROWTH, 
AND  AS  ADDITIONS  TO  SELECTIVE  MEDIA 

In  describing  the  selective  media  for  typhoid  baciUi  we  have  seen 
that  malachite  green  and  crystal  violet  have  been  found  to  exert  a 
certain  amount  of  selective  action  utwn  the  typhoid  and  colon  groups. 
The  selective  influence  of  various  dyes  has  been  recently  again  studied 
by  Churchman.  Churchman  '  found  that  the  addition  of  gentian 
violet  in  dilutions  of  1 :  100,000,  to  media,  inhibited  some  bacteria,  while 
others  grew  luxuriantly  in  it*  presence.  Extremely  interesting,  both 
practically  and  theoretically,  is  his  observation  that  upon  such  gentian 
violet  media  bacteria  fall  into  two  groups.  Tho.se  which  grow  on 
gentian  violet  correspond  in  a  general  way  to  the  Gram-negative  bacteria; 
those  which  fail  to  develop  on  these  media  correspond  roughly  with  the 
Gram-positive  species.  Otie  strain  of  the  enteritidis  group  could  not 
be  cultivated  on  gentian  violet,  and  this  was  found  to  differ  from  the 
others  also  in  it*  agglutination  tests. 

Signorelh  '  claims  that  dahlia  is  useful  in  differentiating  true  cholera 
strains  from  similar  spirilla.  The  true  cholera  strains  grew  with  colored 
colonies,  while  others  remain  colorless,  in  his  experiments. 

Krumvviede  and  Pratt '  were  unable  recently  to  confirm  the  claims 
of  Signorelli.  However  they  fully  confirm  the  findings  of  Churchman 
both  as  to  the  selective  action  of  gentian  violet  and  in  regard  to  the 
classification  of  bacteria  into  two  groups  corresponding  to  their  reaction 
to  the  Gram  stain.  They  state  that  among  Gram-negative  bacteria  a 
strain  is  occu-sionally  found  which  will  not  grow  on  the  gentian  violet 
media,  differing  in  this  respect  from  other  members  of  the  same  species. 
They  find  also  that  the  reaction  is  quantitative. 

The  streptococcus-pneumococeus  group,  according  to  their  investi- 
gations, differs  from  other  bacteria  in  being  able  to  grow  in  the  presence 
of  quantities  of  violet  which  inhibit  other  Gram-positive  species.  Dys- 
entery bacilli  show  variations.  Other  dyes  which  they  investigated 
showed  no  sjx'cific  inhibitory  properties  which  could  be  utilized  for 
classification. 

'  Churchman,  Jour.  Exp.  Meet,  10,  1912;  also  Churchman  and  Michael,  ibid. 
'SivmnrdU,  Centraibl.  f.  Bnk(  .  Oric.  56,  1912. 

» Krummede  and  PraU,  CenUalbl.  I,  Bakt.,  Orig.  68,  1913;  and  Proc.  N.  Y. 
Path.  Soc.,  xiii,  1013. 


CIL\PTER  VIII 
METHODS  USED  IN  THE  CULTIVATION  OF  BACTERIA 

INOOULATION   OF    MEDIA 


The  transfcrenpe  of  bacteria  from  pathological  material  to  media, 
or  from  medium  to  medium,  for  purposes  of  cultivation,  is  usiually  ac- 
romplished  by  means  of  a  platimuu  wire  or  loop.  The  platinum  wire 
userl  should  be  thm  and  yet  possess  a  certain  amount  of  stiffness  anfl  be 
about  two  to  three  inches  in  length.  This  is  fused  into  the  enti  of  a  glass 
rod  six  to  eight  inches  long.  It  is  an  advantage,  though  not  necessaiy, 
to  use  rods  of  so-t-alled  " .scaling-in  "  glass  which,  having  the  same  co- 
efficient of  expansion  as  platinum,  docs  not  crack  during  sterilization. 
For  work  with  fluid  media,  the  wiru  sliuuld  be  bent  at  its  free  end 
I  so  as  to  form  a  small  loop  which  will  pick  up  a  drop  of  the  Hquid.  For 
the  inoculation  of  solid  media  and  the  making  of  stab  cultures,  a  straight 
"  needle  "  or  wire  should  be  used.  Other  shapes  of  these  wires  and  spat- 
uIje  from  heavy  wire  have  been  devised  for  various  purposes  and  are 
easily  improvi.sed  as  occasion  demands.     (See  Fig.  27.) 

When  making  a  transfer  from  one  test  tulw  to  another,  the  tubes 
should  be  held  between  the  thumb  and  firet  anil  second  fingers  of  the 
left  hand,  as  shown  in  Fig.  2S.  The  jjlugs  are  then  removed  by  gra.iping 
them  between  the  small  and  ring  fingers  and  ring  and  middle  fingers  of 
the  right  hand,  first  loosening  any  possilde  adhesions  between  glass  and 
plugs  by  a  slight  twi.*ting  motion.  The  platinum  wire  is  held  meanwhile 
by  the  thumb  and  index  fingers  of  the  light  hainl  in  tlie  manner  of  a  pen. 
The  wire  is  heated  red  hot  in  a  Bunscu  flame,  and  is  then  pas.sed  into  the 
culture  tube  without  being  allowed  to  tovich  the  gla.ss.  It  is  held  sus- 
pended within  the  tube  for  a  few  seconds  to  pcniiit  of  couHng  before 
touching  the  bacterial  growth.  The  wire  is  then  allowed  to  touch  lightly 
the  suiface  of  the  growth  and  a  small  amount  is  picked  up.  {See  Fig. 
20.)  It  is  then  removed  from  the  tube  without  allowing  it  to  touch  the 
sides  of  the  glass,  and  is  passed  into  the  tube  which  ia  to  be  inoeidated. 
If  the  tube  contains  a  slanted  medium,  such  as  agar,  a  light  stroking 
motion  from  the  bottom  of  the  slant  to  its  apex  will  deposit  the  bacteria 
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upon  the  medium  evenly  along  a  central  line.  The  needle  may  also  be 
plunged  downward  into  the  substance  of  the  nutritive  material  so 
that  in  the  same  tube  both  surface  growth  and  deep  growth  may  be 
observed.    If  a  stab  culture  is  to  be  made  in  unslanted  agar  or  in  gelatin, 
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this  particular  species  entirely  apart  from  others,  in  what  is  known  as 
"pure  culture."  The  earliest  methods  for  aocomiilishins  this  were  the 
methoda  of  Pasteur  and  of  Cohn  who  depended  upon  the  j)ower  of  one 
species  to  outgrow  all  others,  if  cultivated  for  a  suffieient  length  of  time 
in  fluid  media.  This  method,  of  course,  was  inadecjuatc  in  that  it  was 
often  purely  a  matter  of  chance  which  one  of  the  mixture  of  species 
was  finally  obtained  by  itself.  A  later  method,  by  Klebs,  depends 
upon  serial  dilution,  in  test  tubes  of  fluid  media,  by  which  the  eventual' 
transference  of  one  germ  only,  to  the  lust  tube  was  attempted.  Such 
methods,  none  of  them  of  great  practical  value,  have  been  entirely  dis- 


Fio.  28. — ^Taking  Pluos  fkom  TtiitEH  mkkohk  I.NocirrATioN. 

placed  by  those  made  pcssihle  by  Koch's  inti()(lu(ti(.ii  uf  sohd  media 
which  may  be  rendered  fluid  by  heat. 

The  methods  now  employeil  for  tlie  isolation  of  bactcriil  depend  upon 
the  inoculation  of  gelatin  or  agar,  when  in  tli(>  melted  state,  the  thorougli 
distribution  of  the  bacteria  in  thest;  li(|uids  by  niixing,  and  the  sul)- 
sequent  congealing  of  these  media  in  tliin  layers.  Hy  this  means  tlie  in- 
dividual bacteria,  di-stributed  in  the  medium  when  h(|iiid,  arc  lield  aj)art 
and  separate  when  the  me<lium  becomes  stiff.  The  masses  of  gnwth 
or  "colonies"  which  develop  from  these  single  is<ihile(l  nii(  rooiganisms 
are  discrete  and  are  descendants  of  a  single  oiganism.  and  can  be  trans- 
ferred, by  means  of  a  process  known  as  "  col(jny-fishiiig,"  to  fresh  sterile 

culture  media. 
11 
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Plaitng.— The 
isolations  was  one 
about  3x4  inrhrs 
trimiglt',  supporU'rl 
this  apparatus,  l' 
could  1(0  filled  with 
plates  under  a  hell  j 
triangle,  leveling  of 
level  placed  at  its 


first  method  employed  hy  Koch  for  bacterial 
that  consisted  in  the  use  of  simple  plates  of  glass, 
in  size,  mounted  upon  a  leveling  stand.  A  wooden 
upon  three  adjustable  screw-feet,  formed  the  base  of 
pon  thi*  was  set  a  covered  ciystallizing  dish  which 
ice  water.  I'pon  the  top  of  this  rested  the  sterilized 
ar.  By  screwing  up  or  down  upon  the  supports  of  the 
the  plate  could  be  achieved  and  controlled  by  a  spirit 
side.    The  inoctdated  gelatin  was  poured  upon  the 
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plate  and  spread  and  rapidly  cooled  and  harflened  by  the  cold  water 
contained  in  the  crystallizing  dish. 

The  original  method  of  Koch  has  been  modified  considerably  and  the 
method  universally  employed  at  present  depentis  upon  the  use  of  circular 
coveitnl  dishes,  the  so-Cidled  Petri  dixhes.  These  ob\'iate  the  necessity  of 
a  leveling  stand  and  prevent  contamination  of  the  plate  when  once 
poured.  Each  Petri  dish  plate  consists  of  two  circular  glass  dishes;  the 
smaller  and  bottom  dish  has  an  area  of  63.6  stjuare  centimeters;  the 
larger  is  used  as  a  cover  for  the  smaller,  and  forms  a  loosely  fitting  lid. 
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The  plftt<»s  when  fitted  toj;othcr  arc  sterih'zod  and  thus  fonn  a  t-losed 
coll  which,  if  properly  handled,  may  i-enxain  sterile  iinlefinitely. 

The  lechrn'fjue  for  imiking  a  pour  plate  for  the  pui-jiose  of  isolating 
bacteria  from  mixed  culture  is  as  follows: 

The  actual  "pourinfi"  of  plates  is  preceded  hy  the  pivparation  of 
usually  three  ccraded  dilutions  of  the  material  to  Ix'  examined.  For  this 
purpose  three  agar  or  gelatin  tubes  an^  melted  and,  in  the  case  of  the  agar, 
are  cooled  to  a  temperature  of  about  42"  C.  in  a  water  hath.  A  platinum 
loopful  of  the  material  to  be  examined  is  transferred  to  one  of  these  tubes. 
The  bacteria  are  then  thoroughly  distributwi  throughout  the  melted 
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gelatin  or  agar  by  alternately  depressing  and  raising  the  plugged  end 
of  the  tube,  giving  it  a  rotary  nir>tion  at  the  same  time.  This  thoroughly 
distributes  the  bacteria  throughout  the  medium  without  allowing  the 
formation  of  air-bubbles.  Two  loopfuls  of  this  mixture  are  then  tran.s- 
ferretl  to  the  second  tube  and  a  similar  mixing  process  is  repeated. 
This  second  tube  contains  tfie  bacteria  in  nnich  greater  dilution  than 
the  first  and  the  colonies  which  will  form  in  the  plate  poumd  from  this 
tube  will  be  farther  apart.  A  third  dilution  is  then  made  by  transferring 
five  loopfuls  of  the  mixture  in  the  second  tube  to  the  third.  This  again 
is  mixed  as  before.    The  contents  of  the  tubes  are  tiien  poured  into  threci 
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sterile  Petri  dishes.  The  pouring  should  be  done  with  great  care. 
The  cover  of  the  dish  is  raised  along  one  margin  siniply  far  enough  to 
permit  the  insertion  of  the  end  of  the  test  tube,  the  plug  of  which  has 
been  removed  and  the  lips  passed,  with  a  rotary  movement,  through  the 
flame.  The  medium  is  poured  into  the  dish  without  the  lips  of  the 
tube  being  allowed  to  touch  cither  the  bottom  or  the  cover  of  the  dish. 
The  cover  is  then  replaced  and  the  medium  allowed  to  harden. 

When  agar  has  been  used,  the  dishes  may  be  placed  in  an  incubator 
at  37°  C.  It  is  well  to  place  the  plates  upside  down  in  the  incubator. 
This  prevents  the  condensation  water,  squeezed  out  of  the  agar  dur- 
ing hardening,  from  collecting  on  its  surface,  and  forming  channels  for 
the  diffuse  spreading  of  bacteria.  The  same  end  may  be  attained  by  the 
use  of  Petri  plates  provided  with  porous  earthenware  lids,  as  suggested 
by  Hill.  Simple  inversion  of  the  plates,  however,  usually  suffices.  When 
gelatin  has  been  u.scd,  the  plates  are  allowed  to  remain  in  a  dark  place  at 
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Bcendants  of  a  single  bacterium  of  the  original  mixture, — are  carried 
over  to  the  fresh  medium. 

bmarch  Roll  Tab«s.* — A  simple  method  of  obtaining  separate  colo- 
nies is  that  devised  by  von  Esmarch  and  known  as  "  roll-tube  "  cultiva- 
tion. Tubes  of  melted  gelatin  are  inoculated  with  various  dilutions  of 
the  bacterial  mixture  and,  while  still  liquid,  are  laiii  in  an  almost  horizon- 


l'"ia.  '.il. — t:>TUKAK  Platk. 


tal  position  upon  a  block  of  ice,  which  has  been  jrroovcil  slijihtly  by 
means  of  a  test  tube  filled  witii  hot  wtitcr.  The  test  tube  coiitniiiiii"!;  the 
gelatin,  after  being  placed  in  this  groove,  is  rapiilly  revolved  by  passing 
the  fingers  of  the  right  hand  across  il,  wliile  its  l)ase  is  carefully 
steadied  with   the  loft   hand.     If  the    revolving    is   carried   out   with 
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sufTioient  speed,  tht-  gelatin  will  hiirdcii  in  a  thin  layer  on  the  inner 
surface  of  iho  tube.  The  rolonios  will  di.'vclop  in  tiii.s  layer  and  may  be 
"  n.shed  "  by  means  of  a  plat  iniim  wire  with  bent  point  int  rwluced  into  the 
tiiljc.  ThLs  RietlKKl  is  useful  for  certain  purposes,  but  is  too  inconvenient 
for  routine  work.    It  is  now  rarely  u.sed. 

Se^aratio  ,  of  Bacteria  by  Surface  Streaking. — When  it  is  nece.s.-ian.'  to 
isolate  ba<'tena  like  the  gonocuccus,  liacilhis  indu- 
enzae,  the  pneumococcus,  un<l  others,  whiidi,  because 
of  great  sensitiveness  to  environment  and  possiiily  a 
jireference  for  free  oxygen,  are  not  n-adily  grown 
ill  pour  plates,  it  is  oft^n  advantageous  first  to 
]>(>ur  ])latoa  of  SJUtablc  media,  allow  them  to 
hnnlen,  and  then  gently  smear  over  their  .iurfai-<'s 
dihitiuus  of  the  infectious  material,  usually  in  three 
or  fouj-  parallel  streaks.      (See  Fig.  31.) 

Upon  such  plates,  if  dilutions  have  been  pi'op- 
erly  made,  and  this  is  only  a  question  of  judgment 
based  uiwn  an  estimation  of  the  nunibere  of  bac- 
teria in  the  original  material,  discrete  colonics  of  the 
microorganisnici  sought  for  may  develop,  and  can  be 
"fished"  in  the  usual  manner. 

The  media  most  favorable  for  the  cultivation  of 
various  microorganisms  will  be  di.seussed  in  tiiu 
sections  ilealing  with  the  individual  species. 

ANAEROBIC    METHODS 

We  have  seen  in  a  preceding  chapter    (p.  26) 
I'lG.  a2  —  l)ti;r   *'"^*'   "^^"y   bacteria,   the  so-called    anaerobes,  will 
Stae  Cultivation   develop  only  in  an  environment  from  which  free 
OF   A.vAiiROBic   oxygen  has  been  excluded. 

Bactehia.  i'i^c  exclusion  of  oxygen  for  purposes  of  anaero- 

bic cultivation  may  be  accomplished  by  a  variety  of 
methods,  depending  upon  a  few  simple  ])rinpij)les  which  have  been 
apjilied,  either  sepaialely  or  in  c(jnibination,  by  luany  workers. 

The  earliest  methods  depended  upon  the  sunple  exclusion  of  air  by 
mechanical  devices.  In  other  inetliods,  the  oxygen  of  the  air  i.s  displaced 
by  inert  gases  Oiydrogen),  and  othei-s  again  depend  upon  the  oxygen- 
absorbing  qualities  of  alkaline  solutions  of  pyrogallol. 

CultiTation  by  the  Mechanical  Exclusion  of  Air, — Koi-h  succeeded  in 
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growing  anarrohir  hanteria  iiiinii  platfs  by  simply  (Impping  upon  the 
surface  of  the  inoculated  agar  or  gelatin  a  flat  piece  tif  .sterile  nii«'a.  This 
methofl,  however,  rarely  suecpeds  in  sufficiently  exelu<iing  the  air. 

LiBOKius'  Method.' — This  inethcHl  consists  in  the  use  of  rli'ejily  filled 
tubes  of  agar  or  gelatin,  from  which  all  oxygen  has  been  reino%ed  by 
trailing  for  fifteen  minutes  or  more.     It  is  advantageous,  as  has  been 
jwinted  out  in  the  section  on   anai-rohiosis,    that 
media  used  for  this  purpose  should  contain  carbo- 
hydrates in  some  form,  perferably  glucose.     After 
boiling,  the  tubes  are  rapidly  tran-sferred  to   ice 
water  so  that  as  little  oxygen  a.s  possible  may  be 
absorbed  during  the  hardening    of    the    medium. 
The  tubes  are  then  inoculated  by  ileep  stabs.     After 
inoculation,  the  medium  may  be  ccjvereil  with  a 
thin  layer  of   agar,  gelatin,  or  oil    (albolin),   and 
further  sealed  wth  sealing-wax  to  prevent  oxj'gen- 
absorption. 

This  method  may  be  utilized  for  the  isolation 
of  anaerobes  (as  in  the  original  method  of  Libo- 
rius)  by  inoculating  the  niediiun  just  before  it 
solidifies.  The  tubes  may  be  gently  shaken  in 
order  to  distribute  the  bacteria  throughout  the 
medium  and  then  rapidly  cooled.  In  this  case 
colonies  which  develop  may  be  scattered  through- 
out tlie  deeper  layers  of  the  agar  or  gelatin,  and 
may  be  "fished"  after  breaking  the  tube. 

ICsmahch's  Method.* — Von  Esmarch  lias  applied 
the  principles  of  his  roll-tube  to  the  cultivation  of 
anaerobic  bacteria.  Gelatin  tubes  are  inoculated 
as  above  and  roll-tulx>s  prepared.  The  tul)es  are 
then  set  into  cold  water  to  prevent  melting  of  the 
thin  gelatin  layer  and  the  interior  of  the  tube  is 
filled  with  melted  gelatin. 

Rorx's  Method.' — Anaerobic  bacteria  are  culti- 
vated by  sucking  the  inoculated  gelatin  or  agar  into  narrow  tubes, 
whicli  are  then  closed  at  both  ends  by  fusing  in  the  flame.     After 
growth  has  taken  place  the  tubes  are  broken  and  the  organism  re- 
covered bj'  "fishing." 

«  Liboriut,  Zeit.  f.  Hyg.,  i,  1886.  '  Von  Esniarch,  loc.  cit. 

•  Itoiix,  Ann.  Past.,  i,  1887. 
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Fig.  33.— Deep 
Stab  CeLTiVA- 
TioN  OF  AnaKro- 
Bic  Bacteria. 
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Fnai)  Media  Covereii  with  Oil. — Erlenrnpyerflasksorothervcssels 
are  partially  filled  with  glucosc-liouillon  over  which  ii  thin  layer  of  al- 
bolin  or  other  oil  is  allowed  to  flow.  The  oxygen  is  driven  out  of  the 
liquid  by  vigoruds  boiling  for  fiftci^ti  minutes  or  more. 

It  should  he  reruemlxTQcl  whenever  using  this  or  similar  methmls  that 
a  layer  of  fluid  oil  does  not  form  an  impermeable  seal.     By  covering  an 

alkaline  pyrogallol  solution  with  oil  it 
eaii  etusily  be  shown  that  oxygen  slowly 
ditTuses  through  the  oil  into  the  medi- 
um i>elow. 

The  simple  exclusion  of  air,  also, 
is  the  principle  underlying  the  culti- 
vation of  anaerobic  bacteria  in  the 
closed  arm  of  a  Smith  fermentation 
tiilje. 

WaifiHT's  Method.' — Wright  has 
deserilKHJ  a  simple  and  excellent 
methml  for  the  cultivation  of  anaero- 
bic bacteria  in  fluid  media.  The  ap- 
paratus necessary  is  ea-sily  improvisetl 
with  the  materials  at  hand  in  any 
lalx)rator\'.  A  short  piece  of  glass 
tailing,  constrietwl  at  both  ends  and 
fittctl  at  each  end  witli  a  small  piece  of 
.soft-rubber  tubing,  is  inserted  into  a 
fe.st  tube  containing  nutrient  broth.  • 
The  upjxT  end  of  the  inserted  gltustj 
tubing  is  connected  by  the  rubber 
with  a  pipette  passed  through  the 
cotton  plug  in  the  tube.  The  entire 
apparatus,  plus  broth,  may  be  steril- 
ized after  being  put  together.  When 
acultivalioni.smade,  (he  fluid  in  the  test  tube  is  inoculated  as  usual.  The 
fluitl  is  then  sucked  upiiito  the  glass  tubing  until  this  is  completely  filled. 
A  downfiow  of  the  fluid  is  then  preventeii  by  placing  the  finger  over  the 
pipette  through  which  the  suction  has  been  made  or  by  constricting  a 
small  piece  of  rubber  tubing  attachwl  to  the  upper  end  of  the  pipette. 
The  ent  ire  system  of  tubes  is  then  pushed  downward  in  such  a  way  that 
both  pieces  of  rubber  tubing,  attached  to  the  ends  of  the  little  glass 

»  Wright,  J.  H.    Quoted  from  MiUlorj-  and  Wright,  "Path.  Tecliniquc,"  Phila.,  1904- 
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chainlxT,  arc  kinkeil.  The  put  ire  apparatus  may  tlion  bo  in(niliat<>fi. 
(jrowth  of  aiu»erol>if  Imrteria  takes  place  within  the  tiir-tiglit  «ha]nlM>r 
formed  by  the  short  glass  tuhin>!;  withiu  the  test  tube.  The  tluid  in 
the  test  tube,  outside  of  this  rliamber,  usually  remains  clear. 

When  cultivation  has  been  successful,  the  bacteria  may  be  obtained 
either  for  morphological  study  or  for  further 
cultivation,  by  simply  allowing  the  fluid  to 
flow  out  of  the  little  air-tight  chaniluT  back 
into  the  test  tube.  The  method  is  simple  and 
lly  successful. 

Methods  Based  upon  the  Displacement  of  Air 
by  Hydrogen. — The  principle  of  air-displace- 
ment by  hydrogen,  fir-st  utilized  by  Hauscr,' 
has  been  widely  applied  to  the  cultivation  of 
anaerobic  bacteria.  In  substance  it  consists 
of  the  conduction  of  a  stn-aiu  of  hydrogen 
through  an  air-tight  chamber  in  which  plates 
or  tubes  containing  inoculated  media  have  been 
placed. 

For  the  production  of  hydrogen,  the  most 
convenient  apparatus  is  the  Kipp  hydrogen 
generator.  Hydrogen  is  generated  from  zinc 
and  sulphuric  acid  and  this  niiiy  be  passed 
tlirough  a  series  of  Woulfe-bottles,  containing 
solutions  of  lead  acetate  and  of  pyrogallio 
acid,  to  remove  traces  of  s\ilplmrctted  hydni- 
gen  and  of  oxygen,  rcspectivelj^  of  Lugol's 
solution  to  absorb  traces  of  acid  vapnr,  and 
of  one  with  a  silver-nitrate  solution  to  take 
up  any  hydrogen  arsenide. 

For  the  preparation  of  anaerobic  condi- 
tions where  very  rigid  anaerohiosis  is  neces- 
sary, nitrogen  may  be  used,  which  can  he 
bought  in  tanks  from  conitnercial  (inns. 

For     anaerobic     cultivation     upon     solid 
media,  the  inoculated  tubes  or  plates  are  placed  in  an  apparatus  such 
as  the  Novy  jar.     This  is  connected  with  the  hydrogen  ajipni'atus  and 
hydrogen  allowed  to  flow  through  it  for  five  or  ten  minutes,  and  the 
stop-cocks  then  closed. 
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In  applying  the  hydrogen  method  to  fluid  media,  flasks  containing 
the  broth  an?  fitted  with  sterile,  tightly  fitting  rubber  stoj)pers  per- 
forated by  twu  holew,  thruush  which  ghi.s.^  tubes  arc  passed.  One  of 
these  tubes,  the  inlet,  passes  Ixdovv  the  surface  of  the  liquid.  The  other 
one,  the  outlet,  extends  only  a  short  distance  below  the  stopper  and  is 
always  kept  above  the  surface  of  the  medium.  The  flaaks  arc  inoculated 
and  hj'drogen  is  passed  through  the  medium  so  that  it  ent<;rs  the 
long  tube,  bubbles  up  through  the  fluid,  and  leaves  by  the  short  tube. 

The  broth  niuy  be  covered  with  a 
thin  layer  of  liquid  paraffin  or 
albolin. 

The  Use  ot  Pyrogallic  Acid 
Dissolved  in  Alkaline  Solutions 
for  Oxygen  Absorption.  —  iiucliner' 
has  applietl  the  principle  of 
cheuncal  alisorption  for  the  rc^ 
nioval  of  oxygen  to  the  cultiva- 
tion of  anaerotjir  bacteria.  This 
has  been  niiidc  use  of  in  a 
number  of  dilfei-ent  ways.  The 
method  is  basi'd  upon  the  fact 
that  alkalijie  solutions  of  pyro- 
gallol  pos.sess  the  power  of  ab- 
sorbing large  quantities  of  free 
Mw^jen.  At  first  such  solutions 
:■  of  a  light  straw-color,  which 
l»'  oincs  dark  brown  as  oxygen 
i.-.  ab-sorbed.  The  absorption  of 
all  the  oxygen  in  the  environ- 
ment may  be  assumed  when 
there  is  no  further  deepening  of 
the  brown  color. 

Buchner  first  utilized  thia 
principle  by  placing  a  smidl  wire  or  glass  holder  within  a  large  test 
tube,  droj)ping  dry  pyrogallol  (pyrogallic  acid)  into  the  bottom  of  this 
tube,  then  running  thirty  per  cent  sodium  hydrate  solution  into  it, 
and  inserting  within  this  large  tube  a  smaller  test  tube  containing  the 
inoculated  culture  medium.     The  large  tube  was  then  tightly  dosed 
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with  a,   rubber  stopjjcr.      In  this  waj',  the  air  space  surrounding  the 
smaller  tube  was  rendered  oxygen  free. 

A  simple  niodifiration  of  the  preeeding  method  of  Bufhiior  has 
been  devised  bj-  Wright.'  Stab-t-ultures  of  gelatin  or  agar  in  test 
tubes  are  made  in  the  usual  way.  The  cotton  stopper  riosing  the  tube 
is  then  thrust  into  the  tube  to  such  a  depth  thiit  its  upper  end  lies  at 

least  1  cm.  below    the  moutli   of    tlie   tube.       

.\  small  quantity  of  sodium  or  potiu^-siuni 
hydrate  solution  in  which  some  pyroguilir' 
acid  has  been  dissolved,  is  then  allowed  to 
flow  on  to  the  cotton  of  the  plug  and  the 
mouth  of  the  tube  is  immediately  sealed  by 
a  tightly  fitting  rubber  stoppei'.  Tht-  c(jtton 
stopper  ill  these  cases  must  be  made  nf  ab- 
8orlx>nt  cotton;  1.5  to  2..')  c.c.  of  the  pyro- 
gallic  acid  solution  is  usually  sufficient  for 
test  tubes  of  ordinarj'  size. 

For  cultivation  of  anai-robic  bacteria 
upon  agar  slants,  a  simple  technique  may  he 
applied  and  ea.sily  improvised  in  the  lalxu'a- 
tory  as  follows:  The  tube  of  slant  agar  i.s 
inoculated  with  the  infectious  material  in  the 
usual  way.  It  is  then,  with  stopper  removed, 
invertwl  int«  a  tumbler  or  Vieaker  contiiinin; 
abo\it  a  gram  of  dry  pyrogallic  acid.  X 
small  quantity  of  a  five  per  cent  or  three 
jxir  cent  sodium  hydrate  .solution  is  then  run 
into  the  tumbler  and  this  is  covered  witii  a 
thin  layer  of  liquid  paraffin  or  albolin  before 
the  pyrogallic  acid  has  bwn  completely  dis- 
solved. In  this  way,  c()mi)letely  anaerobic 
conditions  are  obtained  in  the  tube  and  the 
growth  of  anaerol^es  takes  place  iiijun  the 
surface  of  the  slant. 

For  the  cultivation  of  anaerobes  in  Petri 
dishes,  for  purpo.ses    of  .separation,   a  cnmbinatiun   of   the   pyrogallic 
acid   method    and    the    hydrogen  displacement  methods  is  often  em- 
ployed.    For  this  purpose  the  jars  devised  by  No\'j'  and   by  Bulloch 
are  extremely  convenient. 

«  Wright,  Jour,  of  the  Boston  See.  of  Med.  Sci.,  Doc,  190a 
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In  using  the  Novy  jar,  the  inorulated  plates  are  set  ujxm  a  wire 
frame  resting  about  an  inch  above  the  bottom  of  the  jar.  The  cover 
is  then  tightly  tn;t  in  pliic<>  and  tho  air  in  the  jar  exhausted  by  irieans  f>f  a 
euctiou  punij).  The  arrangi'luciit;  of  the  donblo  .stop-cock  in  (he  toj) 
rendera  it  possible  now,  by  simply  turning  this,  to  admit  hydrogen  from 
a  Kipp  generator  into  the  jar.    The  process  of  alternate  exhaustion  inid 

admission   of    ii\'<li'ugi  n    may    b<! 
several  times  n^jjeatcd. 

A  r.ond>ination  of  air  exhaus- 
tion, oxygen  absorption,  ami  hy- 
drogen replacement  may  be  prac- 
ticed in  jars  sucli  as  that  shown 
in  Fig.  '.id.  Tubes  or  plates  after 
inoculation  are  placed  in  this  jar, 
on  a  raised  wire  frame.  Diy  py- 
I'ogallic  acid  is  phiced  in  the 
imttom  of  the  jar  aiid  the  cover 
tightly  fitted.  An  opening  in 
the  side  of  the  jar  coiuiects  its 
inteiior  with  a  bottle  containing 
sodium  or  ])otnssium  hydrate  so- 
lution. Through  the  stopper  of 
this  bottle  pass  two  glass  tubes, 
one  of  them  of  such  length  that 
it  can  be  pushed  down  into  the 
ulkalijic  solution,  or  pulleil  up- 
ward above  the  level  of  the  fluid. 
This  tulx'  connects  the  jar  with 
the  iiottle.  The  other  glasis  tulx; 
is  .short,  passing  ju.st  through  the 
stopper  and  at  the  top  made  in 
the  form  of  a  T,  one  arm  of  the  T 
being  connected  with  a  Kipp  hydrogen  generator,  the  other  with  a 
suction-pump. 

After  the  jar  has  been  sealed,  the  gla.s8  tube  connecting  the  jar  and 
the  bottle  is  raised  above  the  level  of  the  fluid  in  the  bottle  anil,  the  con- 
nection to  the  hydrogen  generator  being  cloa-d,  the  air  in  the  jar  is 
exhausted  with  the  suction-pump.  Connection  to  the  suction  may  then 
be  do.sed,  and  the  other  ann  of  the  T  being  ojK'n,  hydrogen  is  allowed  to 
flow  into  the  jar.    .Utematc  suction  and  hydrogen  replacement  may  be 
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carrietl  out  two  or  three  timps.  After  the  last  pxhunstion,  the  glass  tube 
iu  the  bottle  connectinp  it  with  the  j;ir  is  pu.sheil  down  into  the  liiiiil, 
and  the  vacuum  will  dniw  the  sodium  hydriiU>  solution  into  the  hulhiia 
of  the  jar,  dissolvinp;  llie  pyropiikil,  which  will  tliin  ahsurh  any  traces  of 
free  oxygen  remaining  in  the  jar.  Hydrogen  is  again  intriKhiccd  and  iho 
jar  closed.  K  exl»aui*tion  of  oxygen  has  Ijeen  sutfuiently  thomugh, 
the  pyrogallic  solution  in  the  bottom  of  the  jar  will  n'maiii  light  hnnvn. 

A  simple  method  for  the  separation  of  anaerobes  in  [.lutes  without  the 
use  of  hydrogen  or  of  sjx^cially  constructed  jars,  niaj'  be  carried  out  as 
follows ' :  The  apparatus  useil  consists  of  two  circular  gla.ss  di.shes,  fitting 
one  into  the  other  as  do  the  halves  of  a  Petri  dish,  and  similar  to  these 
in  every  respect  except  that  they  ai-e  higher,  and  that  a  slightly  givater 
space  is  left  between  their  sides  when  they  are  placed  together.    The 
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diahes  should  be  about  three-fourths  to  one  inch  in  height,  they  need 
be  of  no  particular  diameter,  although  those  of  jilioul  tlie  same  size  as 
the  usual  Petri  dish  arc  most  convenient.  .\n  important  reiiuiremcnt 
necessary  for  the  success  of  the  method  is  that  the  trough  left  between  the 
two  plat<'8,  when  put  together,  shall  not  be  too  broiid,  a  quarter  of  an 
inch  Ijeing  the  most  favorable. 

Into  the  smaller  of  these  plates  the  inoculated  agar  is  poured  exactly 
as  this  is  done  into  a  Petri  dish  in  the  orilinary  aerol»i<'  work.  Pro- 
longed boiling  of  the  agar  before  jjlating  is  not  essential.  When  the  agar 
film  has  become  .sufficiently  hard  on  the  Iwttom  of  the  smaller  dish,  the 
entire  apparatus  is  inverted.     The  smaller  dish  is  now  liftt;d  out  of  the 
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larger,  and  placed,  still  inverted,  over  a  moist  surface — a  towel  or  the 
wet  surface  of  tlie  tuhle — to  jwveiit  cuntamiruitidu.  Into  llie  hottcmi 
of  the  larger  diwii,  which  now  stands  open,  there  13  placed  a  quantity 
(about  3  gruni.s)  of  dry  ijyrogallic  acid.  Into  (his,  over  the  pyrogallic 
acid,  the  -smaller  dish,  still  inverted,  is  (hen  plaeeii.  A  five  per  eeut  solu- 
tion of  sodium  hydrate*  is  poured  into  the  space  left  Ijetween  the  sides  of 
the  two  dishcH,  in  quantity  sufficient  to  fill  the  receiving  dish  one-half 
full.  While  this  i.s  graiiually  dis.solviiig  the  ])yrogallic.  acid,  alboliii, 
or  any  other  oil  (and  this  is  the  only  step  that  rcc|uires  speed),  is 
droppeil  from  a  pipette,  previously  filled  and  placed  in  readiness,  into 


Fio.  40. — Simple  Appakatus  rou  Plate   Cttltitation  of  Anaerobic  Bacteria. 

(Zinsser.) 

tlie  same  space,  thus  completely  sealing  the  chamber  formed  by  the  two 
dishes. 

If  these  steps  have  Iieen  performed  successfully,  the  pjTogalHc  solu- 
tion will  at  this  time  appear  of  a  light  brown  color,  an<l  the  smaller  plate, 
with  its  agar  film,  will  float  misteadily  alxive  the  other.  \'ery  ra])idly, 
as  the  pjTogallic  acid  absorbs  the  free  oxygen  in  the  chamber,  this  plate 
is  drawn  down  close  to  the  other,  and  the  acid  a.s.sunies  a  darker  hue, 
which  remains  without  further  deepening  even  after  three  or  four  days' 
incubation. 

The  Use  of  Fresh  Sterile  Tissue  as  an  Aid  to  Anaerobic  Cultivation. 
— The  addition  of  small  ])ieces  uf  fresh  sterile  tissue  (ral.)bit  or  guinea- 
pig)  to  culture  tuln-s,  either  st>lid  or  fluid,  greatly  favors  the  growth  of 
anaerol>ie  bacteria.  By  such  a  method  aiiai-robes  can  be  made  to  de- 
velop even  when  other  i)rccautions  for  the  e-stablishmeat  of  anaerobiosia 
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are  irnporfcctly  observed.  This  was  noticed  first  iiy  Tiicolmld Smith  and 
by  Tarozzi  and  has  become  an  extremely  useful  reenforcement  to  other 
methods.     It  has  been  utilized  most  extensively  by  Noguchi  of  recent 
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years  in  his  terhnique  for  the  cultivation  of  various  trepoiiemata. 
The  simplest  way  tti  apply  thi.s  method  is  to  place  a  piece  of  freshly 
excised  rabbit  kidney,  testicle,  or  .spleen  into  the  bottom  of  a  hiph  test 
tube  (20  cm,)  and  then  jxiuring  over  it  the  culture  fluid.     Kidney  or 
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other  tissues  are  more  suitable  for  this  purpose  than  liver  tissue  since , 
the  latter  is  not  easily  obtained    in    a    sterile   condition,    bacteria 
often  getting  into  it  during  life  through  the  portal  circulation.     The 
action    of   the   tissues  depends    probably   upon  its  great  reducing 
power. 

THE    INCUBATION    OF    CULTURES 


After  liactcria  have  been  transferred  to  suitable  culture  media,  it 
is  necessary  to  expose  them  to  a  temperature  favorable  to  their  develop- 
ment. In  the  case  of  many  saprophytes, 
the  ordinary  room  temperature  is  suffi- 
ciently near  the  optimum  to  obviate  the 
use  of  any  special  apparatus  for  maintain- 
ing a  suitable  temijerature;  in  the  case 
of  most  pathogenic  bacteria,  however, 
the  body  temperature  of  man,  37.5° 
C,  is  either  a  necessary  requirement 
for  their  growth,  or  at  anj'  rate 
favors  speedy  and  characteristic  develop- 
ment. 

For  the  purpose  of  obtaining  a  uniform 
temperature  of  any  required  degree,  the 
apparatus  in  general  use  is  the  so-called 
incubator  or  thermostat.  This  may  be 
adjusted  for  gelatin  cultivation  at  20  to 
22°  C. ,  or  for  agar,  broth,  or  other  media 
at  37.5°  C. 

Incubators,  while  varying  in  detail, 
are  all  constructed  upon  the  same  prin- 
ciples. They  consist  of  double-walled  copper  chambers,  which  are 
fitted  with  a  set  of  double  doors,  the  outer  being  made  of  asbestos- 
covered  metal,  the  inner  of  glass.  (Sec  Fig,  41.)  The  space  be- 
tween the  two  walls  is  filled  with  water,  which,  being  a  poor 
heat  conductor,  'tends  to  prevent  rapid  changes  of  temperature 
within  the  cluimUer  as  the  result  of  changes  in  the  external 
environment.  Both  walls  are  perforated  above  by  openings  to 
admit  thermometers  into  the  interior  and  one  wall  is  perforated 
so  that  a  thermo-regulator  may  be  inserted  into  the  water 
jacket.      The    under   surface    of    the  chamber   is    heated    by  a  gas 
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fame,  the  size  of  which  is  automatically  regulated  by  the  thermo- 
rcgulator. 

A  number  of  thermo-re^nlaiors  are  on  the  market,  all  of  them  con- 
structed upon  modifications  of  the  same  principle.  One  of  the  most 
efficient  of  those  in  common  use  is  that  shown  in  Fig.  42.  This  con- 
sists of  a  long  tube  of  glass  fitted  with  a  metal  cap  through  which  an  in- 
let tube  (.4)  projects  into  the  interior.  Slightly  below  the  middle  of  the 
tulje  there  is  a  glass  diaphragm  separating  its  ulterior  into  two  com- 
partments. In  the  middle  of  the  diaphragm  an  aperture  leads  into  a 
spiral  of  glass  which  projects  into  the  lower  compartment.  The  lower 
compartment  is  filled  with  ether  and  nicrcurj'.  The  lower  end  of  the  inJet 
tube  (-4)  has  a  wedge-shaped  slit.  The  gas  from  the  supply  pipe 
passing  through  the  tube  (.1)  is  conducted  through  the  slit-like  opening 
in  its  lower  end  into  the  inner  chamlicr  and  passes  out  to  the  burner 
through  the  elbow  (B).  When  the  temperature  is  raised,  the  ether  and 
mcrcuPi'  in  the  lower  chamber  e.\paml  and  the  mercury  rises  in  the 
upper  chamber,  gradually  rcstnutiiig  the  opening  through  the  V-shaped 
slit  in  the  inlet  tube.  Thus  the  gas  supjtlied  to  the  burner  is 
diminished,  the  flame  reduced,  and  the  temperature  again  falls.  The 
temperature  can  be  arbitrarily  a<lju8ted  by  raising  or  lowering 
the  inlet  tube,  A  scale  at  the  upper  end  of  the  inlet  tube  allows 
.-exact  adjustment.  Complete  slnitting  ofT  of  the  gas  is  pa^vcnted  by  a 
•mall  circular  opening  placed  in  the  inlft  tube  just  above  the  slit. 

Another  cheaper  and  simpler  thern  o-regu!ator  is  shown  in 
Fig.  43.  This  consists  of  a  long  tube  open  at  the  top  and  fitted 
about  IJ  inches  from  the  top  with  two  hollow  gla^s  elbows.  One  of  these 
elbows  remains  open,  the  other,  situated  on  a  slightly  lower  level,  is  dosed 
by  a  brass  screw-cap.  The  tube  is  filled  with  n  ercuiy  to  a  point  slightly 
above  the  level  of  the  elbow  containing  the  screw-cap.  The  height  of 
the  mercury  can  thus  be  increased  or  decreased  by  screwing  in  or  out 
upon  the  cap.  Into  the  upper  end  of  the  tube  there  is  fitted  another 
device  which  consists  of  a  T-shaped  system  of  glass  tubes,  one  arm 
of  the  T  t)eing  ojion  and  the  other  closed,  the  perpendicular  leg  of  the 
T  tapering  to  a  minute  opening  at  the  bottom.  The  gas  passes  into 
one  arm  of  the  T  down  through  the  tapermg  leg  and  uito  the  space 
immediately  aljove  the  merrury.  It  then  passes  out  through  the  open 
elbow  of  the  main  tulie.  As  the  mercury  rises,  it  gradually  diminishes 
the  space  between  its  surface  and  the  sniaO  opening  in  the  tapering  tube 
al)Ove  it,  finally  completely  shutting  off  the  gas  from  this  source.  Gas  can 
now  pass  onlv  through  a  minute  hole  perforating  the  vertical  leg  of  the 
18 
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T  an  inch  above  its  end.    The  flame  decreases  and  the  temperature 
again  sinks. 

Since  gas  pres-sure  in  laboratories  is  apt  to  vary,  it  is  convenient  to 
interpose  betwwn  the  ga.s  supply  and  thonno-n-guhilor  some  one  of  the 
various  forms  of  gas-prcssurt;  regulators.  The  vise  of  those  is  not  ab- 
solutely necessarj'  but  aids  considerably  in  the  maintenance  of  a  con- 
stant temperature.  The  one  most  commonly  pnii>loyed  is  the  so-called 
Moitessier  apparatus.  This  consists  of  a  cylindrical  metal  chamber 
within  which  there  is  fitted  an  inverted  metal  bell.  Glycerin  is  poured 
into  the  cylinder  to  the  depth  of  about  two  inches.    An  inlet  pipe  con- 


Fio.  44. — MorrESsiEK  GAS-PniaauRB  Reoui^tor. 


ducts  gas  into  the  open  space  between  the  top  nf  the  glycerin  and  the  bell. 
From  the  top  of  the  boll  is  su.spended  a  conical  piece  of  metal  wliitli  hangs 
free  in  the  outlet  pipe.  As  the  gas  pressure  under  the  bell  increases, 
this  is  raised  and  the  opening  of  the  outlet  pipe  is  gradually  diminished 
by  the  cone.  Thus  the  relation  between  the  ]>rcssure  in  the  iuk't  pipe 
and  the  actual  quantity  of  gas  passing  through  is  equalized.  A  cup  con- 
nected to  the  top  of  the  bell  throuf^h  the  roof  of  the  cylinder  by  a  bar  can 
be  filled  with  birdshot  and  the  pressure  against  the  gas  can  thus  be 
modified  to  conform  with  existing  conditions. 


METHODS   USED    IN    CtJLTn'ATION    OF    BACTERIA 


Colony  Study. — Cultures  are  usually  incubated  for  from  twelve  to 
forty-<'ight  hours.  Considonihlc  aid  to  the  recognition  of  species  is 
derived  from  the  obscrvatioti  of  inAb  the  speed  of  growth  and  the  ap- 
pearance of  the  colonies.  It  is  therefure  necessary  to  proceed  in  the 
study  of  developed  co  onies  in  a  syst^-niatic  way.  The  development  of 
colonies  should  Ik?  observed  in  all  cases  both  upon  gelatin  and  upon  agar. 
In  fonning  any  judgment  alwut  colonies,  the  acidity  or  alkaUnity,  and 
the  special  con-stitution  of  the  media  should  he  taken  into  account. 
The  colonies  are  carefully  exaniinetl  with  a  hand  lens  and  with  the  low 
power  (Leitz  No.  2,  Zeiss  AA,  Ocular  No.  2)  of  the  microscope.  The 
colonies  .should  Ix;  observed  a-s  to  size,  outline,  transparency,  texture, 
color,  and  elevation  from  the  surface  of  the  media.    Much  information, 
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Fig.  45. — Vahiations  ra   the  Conformation  op  the  Borders  of   BacteriaIi 

C0LONIE.S.    (.yter  Chester.) 


also,  can  be  obtained  by  observing  whether  a  colony  appears  dry, 
mucoid,  or  glLstenuig,  like  a  drop  of  moisture.  By  a  careful  obser- 
vation of  these  points,  definite  differentiation,  of  course,  can  not  usu- 
ally be  made,  but  much  corroborative  evidence  can  be  obtained  which 
may  guide  us  in  the  methods  to  be  adopted  for  further  identification 
and  for  a  final  .suminin<;  up  of  species  characteri.stic  as  a  whole. 

The  Counting  of  Bacteria. — It  is  often  necessary  to  determine  the 
numlwrof  bacteria  jxm-  c.c.  contaiiK'd  in  water,  111  ilk, or  other  substances. 
For  this  purpose  definite  quantities  of  the  material  to  be  analyzed  are 
mixed  with  gelatin  or  agar  and  poured  into  Petri  plates.  The  exact 
dilutions  of  the  suspected  material  must  largely  depend  upon  the  number 
of  germs  which  one  expects  to  find  in  it.  The  plates,  if  prepared  with 
gelatin,  are  allowed  to  develop  at  room  temperature  for  twenty -four  to 
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forty-eight  hours.  If  agar  has  been  used,  they  fin»  usimlly  plaeod  in  the 
iiicubiitor  at  37.5°  C.  At  the  ciul  of  this  time,  the  eoionics  whicli  have 
developed  are  enumerateil.  For  this  purpose,  a  Petri  disli  w  phieed  upon  a 
Wolffh>i<;el  phite.  Thi;?  plate  rousi.st.n  of  a  di.sk  or  squan'  of  j;l!i!<.s  which  is 
divided  into  small  s([uares  of  one  square  ceiitimoter  each.  Diagonal  lines 
of  these  squares  running  at  right  angles  to  each  other  are  subdivided  into 
nine  di\a.sionH  each  in  order  to  facilitate  counting  when  the  colonies  aw 
unu.sually  abundant.  The  Petri  dish  is  placed  upon  the  plate  in  such  a 
way  that  the  center  of  the  dish  corresponds  to  the  center  of  the  plate. 


FlO.   46. — WoLFTHOaEl.  COUNTINO   PlATE. 


The  colonies  in  a  definite  number  of  squares  are  then  counteti.  The 
greater  the  niimlx>r  of  squares  that  are  counted  the  more  accurate  the 
estimation  will  Ik-.  When  the  growth  is  so  abundant  that  only  a  limited 
number  of  stjuares  can  be  counted,  these  shoukl  be  chosen  as  much  as 
possible  from  different  parts  of  the  plate,  anti  in  practice  one  counts 
usually  six  s<^iuai-es  in  one  direction  and  six  at  right  angles  to  the.se,  so 
as  to  preclude  errors  arising  from  unequal  dLstribution.  The  final  calcu- 
lation is  then  made  by  ascertaining  the  average  nuiid>cr  of  colonics  con- 
tained in  each  square  centimeter.     If  standard  Petri  dishes  have  been 
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used,  this  is  multiplied  by  63.6,  the  number  of  squares  in  the  area  of  the 
dish,  and  then  by  the  dilution  originally  used. 

Thus  if  twelve  squares  have  been  counted  with  a  total  number  of 
one  hundred  and  forty-four  colonies — the  average  for  each  square  is 
twelve.  Twelve  times  63.6  is  763.2,  which  represwits  the  total  number 
of  colonies  in  the  plate.  Now  if  0.1  c.c.  of  the  original  material 
(water  or  milk)  has  been  plated,  this  material  may  be  assumed  to  have 
contained  10  X  763.2,  or  7,632  bacteria  to  each  cubic  centimeter. 

If  dishes  of  an  unusual  size  are  employed,  the  square  area  must  be 
ascertained  by  measuring  the  radius  and  multiplying  its  square  by  it 
(»r  X  R*  =  area)  ( »r=  3.141592). 


CHAPTER  rX 

METHODS  OF  DETERMINING  BIOUir.IOAL  ACrriVITIES  OF  BACTERIA 
ANIMAL   K\ PKRIMENTATION 


Oas  Formation. — BiicUTia  of  many  varieties  produce!  ga.s  from  the 
protcid  and  the  carbohydrate  constituents  of  their  environment. 

Gas  formation  can  be  observe<l  in  a  very  simfjle  manner  hy  making 
stab  cultures  in  gelatin  or  agar  containing  the  ferinental>le  nutrient 
substances.  In  such  culture.s  bubbles  of  gas  will  fonn  along  the  track 
of  the  inoculation,  or,  in  the  cast'  of  such  semisolid  media  as  the  tulx; 
medium  of  Hiss,  will  spreail  tluoughout  the  tube.  In  the  ease  of  some 
anaerobes  gas  formation  in  .stab  cultures  will  occur  to  such  an  extent  that 
the  medium  will  split  and  break.  It  should  be  bonie  in  mind  in  carrying 
out  such  methods  that  air  is  readily  carried  into  the  medium  with 
the  inoculating  needle  or  loop  hy  splitting  of  the  medium,  also  thai 
media  which  have  been  storetl  in  the  cold  may  alworb  air.  Expan.sion 
of  the  air  in  such  tubes  may  simulate  .small  amounts  of  gsis  formation 
and  lead  to  error.  It  is  advisable,  therefore,  whenever  making  stab 
inoculations  with  the  alrove  purpose,  to  heat  the  media  and  rapidlj' 
cool  them  before  use. 

A  more  accurate  method  of  gas  determination  is  by  the  use  of  fer- 
mentation tubes,  such  as  those  devised  by  Smith.  The  gas  which  is 
formed  collects  in  the  closed  arm  of  the  fennentation  tutie  and  may  Ijc 
quantitatively  estimated.  The  fermentation,  with  gas  proiluction,  of 
certain  substances  such  as  carboh3'drates,  may  lie  determined  by  adding 
these  materials  in  a  pure  state  to  the  metlia  before  inoculation  with 
organisms. 

In  the  ca«e  of  carbohydrates  this  method  has  proved  of  great  differ- 
ential value,  since  the  power  of  splitting  specific  carbohydrates  with  gas 
production  is  a  species  characteristic  of  great  constancy  for  many  fcjrms 
of  bacteria. 

Analysis  of  Gas  FoR.MEn  bv  Bacteri.\. — Carbon  Dioxide. — For 
the  estimation  both  qualitatively  and  roughly  quantitatively  of  carbon 
dioxide  produced  by  bacteria,  cultures  arc  grown  in  fermentation  tubes 
containing  sugar-free  broth  (see  page  125)  to  which  one  per  cent  of  pure 
dextrose,  laotoae,  saccharose,  or  other  sugars  has  been  added.  The  tubes 
ftre  incubated  until  the  column  of  gas  formed  in  the  closed  arm  no  longer 
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increaaes  ^^iweniy-four  to  forty-eight  hours).  The  level  of  the  fluid 
b  the  closed  arm  is  then  accurately  marked  and  the  column  of  gas 
meiisurod. 

The  bulb  of  the  fermentation  tube  is  then  completely  filled  with 
J  NaOH  solution,  the  mouth  closed  with  a  clean  rubber  stopper,  and 
the  bulb  inverted  several  times  in  order  to  mix  the  jEjas  with  the  soda 
solution.  The  tube  is  then  again  placed  in  the  upright  position,  allow- 
ing the  gas  remaining  to  collect  in  the  closed  arm.  The  gas  lost  may 
be  roughly  estimated  as  consisting  of  CO,. 

Illldrrxjen. — The  gas  remaining,  aftiT  removal  of  the  ('Oj  in  the  pre- 
ceding experimcjit^  at  least  when  working  with  carbohydrate  solutions, 
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Fia.  47.— Ttpbs  of  Fermentation  Tdbea. 


may  be  estimated  as  hydrogen.  When  allowed  to  collect  near  the  mouth, 
further  evidence  of  its  being  hydrogen  may  be  gained  by  exploding  it 
with  a  lighted  match. 

Hydrogen  Sulphide  (HjS,  Sulphui-etted  hydrogen) .—In  alkaline 
media  sulphuretted  hydrogen,  if  formed,  will  not  collect  as  gas,  but 
will  fonn  a  sulphide  with  any  alkali  in  the  solution.  For  the  estimation 
of  the  formation  of  hydrogen  sulphide,  bacteria  are  cultivated  in  a  strong 
pepton  solution  to  which  0.1  c.c.  of  a  one  per  cent  solution  of  ferric 
tartrate  or  lead  acotatf  has  been  added.  The  addition  of  these  substances 
gives  rise  to  a  yellowish  precipitate  in  the  bottom  of  the  tubes.    If,  on 
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subsequent  iuorulation,  the  baetrrht  proilucc  IT.  S,  thiti  prcripitatc  will 
turn  bluek.  The  solutiun  rucoiiuiK'ndi'tl  tiy  I'likt'  for  this  tt!.st  is  prcparcil 
as  follows: 

1.  Weigli  out  liO  pums  of  pppton  ninl  pmiilsify  in  200  c.c.  of  tap  water  at  60°  C. 

2.  Wash  into  a  liter  fliisk  wllli  S(l  c.c.  tap  vvntor. 

3.  A(l<!  sodium  cfilimdc  !>  gruniK  ami  aoiliuni  phospliate  3  granu. 

4.  Hent  at  tlMl"  C.  for  ;i()  iniiiut4>8,  to  dissolve  jjcpton. 

5.  Filler  through  pa]>er. 

6.  Fill  intx)  tubes,  10  c.c.  each,  and  to  each  tube  add  0.1  c.c.  of  a  one  per  cent 
solution  of  ferric  tartrate  or  lead  acetate.    These  .solutions  should  be  neutral. 

7.  Sterili/.e." 

Accun.vTE  QUANTITATIVE  GAS  ANALYSES  of  bartcrial  cultures  can  be 
made  only  by  the  more  complicated  methods  used  in  chemical  lalwra- 
toiies  foi-  quantitative  gas  analysis.  The  gas,  in  such  cases,  is  collected 
in  a  bell  jar  mounled  over  mercmy,  and  subjected  to  analj'sis  by  the 
usual  method  descrilx'd  in  works  on  analytical  chemistry. 

Acid  and  Alkali  Formation  by  Bacteria. — Many  bacteria  produce  acid 
or  alkaline  reactions  in  culture  media,  their  activity  in  this  respect 
depending  to  a  large  extent  upon  the  nature  of  the  nutrient  material. 
Many  organisms  which  on  carbohydrate  nietlia  produce  acid  will  give 
rise  to  alkali  if  cultivated  upon  media  containing  only  protcids. 

Information  as  to  the  production  of  acitl  or  alkali  can  be  obtained 
by  the  addition  of  one  of  a  variety  of  inilicators  to  neutral  media.  The 
indicators  most  often  employed  for  this  purpose  arc  litmus  or  neutral 
red.  Changes  in  the  color  of  these  indicators  show  whether  acids  or 
alkalis  have  been  produced. 

fiu-at  help  in  diflferentiation  is  obtained  by  adding  chemically  pun' 
carbohydrates  to  media  to  which  litmus  has  betm  achlcd  and  then  de- 
termining whether  or  not  acid  is  formed  from  the  substances  by  the 
microorganisms.  These  tests  have  been  of  special  importance  in  the 
differentiation  of  the  typhoid-colon  groups  of  bacilli. 

tiuantitative  estimation  of  the  degree  of  acidity  or  alkalinity  pro- 
duced bj'  bacteria  may  Ixv  made  by  careful  titration  of  definite  volumes 
of  the  medium  before  anrl  after  bacterial  growth  has  taken  place. 

The  variety  of  aciil  formed  by  bacteria  depends  largely  upon  the 
nature  i»f  the  n\itrieiit  medium.  The  aciils  most  cotiimonly  resulting 
from  bacterial  growth  arc  lactic,  acetic,  oxalic,  formic,  and  hippuric 
acids.  Qualitative  and  (quantitative  estimation  of  the.se  acids  may  bo 
made  by  any  of  the  methods  employed  by  analytical  chemists. 
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Indol  Prodnction  by  Bacteria. — Many  bacteria  possess  the  power  of 
pnxlucinK  indol.  Though  fomierly  regarded  as  a  regular  acconipani- 
meiil  of  proUrid  decomposition,  later  rcHearches  have  shown  that  indol 
pnxiuction  is  not  always  coexistent  with  putrefaction  processes  and 
occure  only  when  pepton  is  jjresent  in  the  pabulum. 

Indol  fonnation  by  bacteria  is  determined  liy  the  .sonalled  nitroso- 
iiidol  auiction.  Organisms  are  grown  in  sugar-free  ix>ptou  broth  or  in  the 
pepton-salt  bouillon  of  Dunham.  (See  page  126.)  Media  containing 
fermentable  substances  arc  not  favorable  for  indol  production  since  acids 
interfere  with  its  formation.  The  cultures  are  usually  incubated  for  three 
or  four  days  at  37°  C.  At  the  end  of  this  time,  ten  drops  of  con- 
centrated sulphuric  acid  are  run  into  each  tube.  If  a  pink  color 
appears,  indol  is  present,  and  we  gather  the  additional  infornuition 
that  the  microorganism  in  que-stion  Las  been  able  to  form  nitrites 
by  reduction  (e.g.,  cholera  spirillum).  If  the  pink  color  does  not 
appear  after  the  a<.liiition  of  the  sulphuric  acid  alone,  nitrites  must 
be  supplied.  This  is  done  by  adding  to  the  fluid  aliout  1  c.c.  of  a  0.01 
per  cent  aqueous  solution  of  sodium  nitrite.  The  sotliuni  nitrite  solu- 
tion doea  not  keep  for  any  length  of  time  and  should  Ix;  freshly  made  up 
at  short  inter\'als. 

Phenol  Production  by  Bacteria. — Phenol  is  often  a  by-proiluct  in  the 
course  of  proteid  cleavage  by  bacteria.  To  detcnnine  it.s  presi'nce  in 
cultures,  bacteria  are  cultivated  in  fla-sks  containing  about  .jO-100  e.c. 
of  nutrient  broth,  .\fter  three  to  four  days'  growth  at  37°  C,  5  c.c.  of 
concentrated  HC"!  arc  added  to  the  culture,  the  flask  is  connected  with  a 
Cond:^nser,  and  about  10-20  c.c.  are  distilled  over. 

To  the  distillate  may  be  added  0..")  c.e.  of  Millon's  reagent  (.solution  of 
mcreurous  nitrate  in  m'tric  acid),  when  a  red  color  will  indicate  phenol; 
or  0.5  c.c.  of  a  ferric  cliloHdc  solution,  which  will  give  a  violet  color  if 
phenol  is  present. 

Baducing  Powers  of  Bacteria. — The  power  of  reduction,  possessed  by 
many  bacteria,  is  shown  by  their  ability  to  form  nitrites  from  nitrates. 
This  is  e^ly  demonstrated  by  growing  bacteria  upon  nitrate  broth 
(see  page  12(5).  Bacteria  are  transferred  to  test  tubes  containing  this 
solution  and  allowed  to  grow  in  the  incubator  for  four  or  five  days. 
The  presence  of  nitrites  is  then  chemically  determined.' 


'  We  akTp  indebted  to  Dr.  J.  P.   Mitchell,  of  Stanford  University,  for  the  following 
technique  for  nitrite  teste: 

I.  Sulphauilic  Acid. — Dissolve  0  5  g.  in  1^  c.c.  of  acetic  acid  of  Sp.  Gr,  I.04. 
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In  bact<"riolopcal  work  4  c.c.  of  the  culture  fluid  is  poured  into  a 
clean  test  tube,  and  to  it  are  gradually  added  2  c.c.  of  the  mixal  test 
solutions.  A  pink  color  indicates  the  presence  of  nitrites,  the  intensity 
of  the  color  being  proportionate  to  the  amount  of  nitrite  present. 

The  n'llui'inj!;  ]to\vers  of  luicteriu  tnay  ftl.so  be  shown  Ijy  their  abilitj' 
to  decolorize  litmus,  mcthylnne-blue,  and  some  other  anilin  dyes, 
which  on  abstraction  of  oxygen  form  colorless  leukobases. 

Enzyme  Action, — The  action  of  the  enzymes  produced  by  bacteria 
may  be  demonstrated  by  bringing  the  bacteria,  or  their  i.solat*'d  fer- 
ments, into  contact  with  the  proper  .substances  and  observing  lioth  the 
physical  and  chemical  changes  protluced.  In  obtaining  enzymes  fri-e 
from  living  bacteria,  it  is  convenient  to  kill  the  cultures  by  the  addition 
either  of  toluol  or  of  chloroform.  Both  of  these  substances  will 
destroy  the  I>acteria  without  injuring  the  enzjTnes.  Enzymes  may  also 
be  olituined  separate  from  the  bodies  of  the  bacteria  by  filtration. 

Photeoi.vtic  Enzymes. — ^The  most  common  evidences  of  proteolytic 
enzyme  action  obstirved  in  bacteriologj'  are  the  liquefaction  of  gelatin, 
fibrin  or  coagulated  blood-serum,  and  the  peptonization  of  milk.  This 
may  be  observed  both  by  allowing  the  proper  bacteria  to  grow  upon 
these  media,  or  by  mixing  sterilised  cultures  with  small  qinintities  of 
these  substances.'  The  products  of  such  a  reaction  maybe  separateil 
from  the  bacteria  by  filtration  and  then  tested  for  pcpton  by  the  biuret 
reaction. 

Proteolv'tic '  enzymes  may  also  be  determined  by  growing  the  bac- 
teria upon  fluid  media  containing  albumin  solutions,  blood  scrum,  or 
milk  .serum,  then  i)r('cipitating  the  proteids  by  t!ie  addition  of  ammoniirm 
sulphate  (about  ;iO  grams  to  20  c.c.  of  the  culture  fluid)  and  warming 
lietwcen  50  to  ft()°  C.  for  thirty  minutes.  The  precipitate  is  then  filtered 
off,  the  filtrate  made  strongly  alkaline  with  NaOII,  and  a  few  drops 
of  copper  sulphate  solution  itdde<l.  .\  violet  color  indicates  the  pres- 
snce  of  pcpton — proving  proteolysis  of  the  original  albumin. 

(Acetic  acid  of  1 .04  prepared  by  diluting  400  c.c.  of  cone,  ot  8p.  Gr.  1.75  with  700 
c.c.  of  water.) 

II.  A-Naphthybmin. — DiBSolveO.l  (?.  in  20  cc  of  water,  boil,  filter  (if  necessary), 
aiiil  t  J  I'loar  filtrate  aiid  180  cc.  of  acetic  nciil,  Sp.  Gr.  1  (M. 

The  solutions  are  kept  separate  and  niixiil  in  rqual  p:tri.i  just  bi-fore  use. 

In  carrj'ing  out  the  test,  put  2  c.c.  of  each  reaRent  in  a  test  tul>e  and  ndd  Hubstance 
to  be  tested.  (In  ordinary  water  analyxia  use  UK)  c.c.)  Cover  tul)e  with  watch 
glass  and  set  in  warm  wafer  for  20  tiiinnte.s.  Oli.serve  presence  or  iihsi'iice  of  pink 
color  promptly,  .\lways  run  a  blank  on  the  distilled  water  used  for  rinsing  to  avoid 
errors  due  to  nitrites  in  the  water,  or  in  the  air  of  the  laboratory.. 

•  BUier,  Archiv  f.  Hyp.,  v.  1.SS6. 

'//anirin  and  Wisbrook,  Ann.  Piwt..  vi..  1892. 
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DiASTATic  Enzymes. — The  presence  of  diastatic  ferments  may  be 
determined  by  mixing  bmth  cidturcs  of  the  bacteria  with  thin  starch 
paste.  It  is  necessary  that  both  the  cultures  and  the  starch  paste  be 
ab.solutely  free  from  sugar,  .\fter  i-eniaining  in  the  incubator  for  five  or 
six  hours,  the  fluid  is  filtered  and  the  liltrate  tested  by  methods  used  for 
determining  the  presence  of  sugare. 

Invkrtixg  Ferments. — Inverting  fenneiits  are  detcnnined  by  a  pro- 
cedure similar  to  the  above  in  principle.  Dilute  solutions  of  cane  sugar 
arc  mixed  with  old  cultures  or 
culture  filtrates  of  the  respective 
bacteria  and  the  mixture  allowed 
to  stand.  It  is  then  filtered, 
and  the  filtrate  testetl  for  glucose, 
jix'ferably  by  Fehliug's  solution. 
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^H     In  the  study  of  pathogenic 

^^nicroorganisms,  animal  experi- 
riientation  is  essential  in  many 
instances.  The  virulence  of  any 
given  organism  for  a  definite  ani- 
mal species  and  the  nature  of  the 
legions  produced  are  character- 
istics   often    of    givat   value    in 

^^differentiation.     Lsolution,  niore- 

^Bver,  of  many  bact-eria  is  greatly 

^facilitated  by  the  inoculation  of 
siisceptible  animals  aM<l  recovery 
of  the  pathogenic  oiganism  from 

tlie  heart's  blood  or  from  the  lesions  produced  in  various  organs.  That 
investigations  hito  the  phenomena  of  immunity  would  be  absolutely 
possible  without  the  use  of  animal  inoculation  is,  of  course,  self- 
evident,  for  by  this  method  only  can  the  action  of  bacteria  in  relation  to 
living  tissues,  cells,  and  botly-Huids  Ix-  observed . 

The  animals  most  commonly  employed  for  such  observations  are 
guinea-pigs,  white  mice,  white  rats,  ant!  rabbits.  The  method  of 
inoculation  may  bo  either  subcutaneous,  intrapleural,  intraperi- 
toneal, intravenous,  or  subdural,  etc.      ^t   must   be  borne   in   mind 

^■always  that  the  mode  of  inoculation  may  infiuence  the  course  of  an 


-Types  of  Gelatin  Liquepao- 
Tio.v  BY  Bacteria. 


'  PVK 
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infection  no  less  than  does  the  virulence  of  the  microorganism  or  tlie 
size  of  the  dose. 

Inoculations  are  made  with  some  form  of  hypodermic  needle  fitted  to 


Fig.  49. — InTRAPERnxiNEAii  Inocitlation  of    Rabbit. 


Fia.  60. — Intravknous  Inoculation  of  RABerr. 

a  syringe.  The  most  convenient  syringes  are  the  all-glass  Luer  or  the 
Debove  syringes,  which,  however,  are  expensive.  Any  form  of  steriliz- 
able  syrmge  may  be  used.     In  making  inoculations  the  hair  of  the 
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animal  should  be  clipped  and  the  skin  disinfected  with  carbolic  acid 
or  alcohol. 

Sub<'Utaneou6  inoculations  are  most  conveniently  made  in  the  ubdom- 


Fia.  51. — Intrapkritonkax.  Inoculation  of  Gotkua-pio. 


Fio   52. — Guinea- no  Cage. 


inal  wall,  where  the  skin  is  thin.      After   clipping  and   sterilizing,  the 
skill  is  raised  between  the  fineters  of  the  left  hand  and  the  needle  plunged 
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iu  c>l)li<iuc!}'  so  as  to  avoid  penetrating  the  abdoniinal  wall  and  <'nterinj!; 
tlie  pciitoiKniiii. 

In  making  intraperitoneal  inoculations,  groat  care  must  bo  cxercisc<l 
nut  to  piiJU'tuiX'  the  gut.  Tliis  can  he  avoidwl  hy  [jiissini;  the  needle 
(irst  through  the  skin  in  an  oblique  direetion,  then  luniinf;  it  into  a  [mhi- 
tion  more  vertieal  to  the  abdomen  and  perforating  the  muscles  and  perito- 
nryiti  by  a  verj'  sliort  and  ciirefully  exeeuted  ntab. 

Intravenous  inoeuhUioiis  in  rabbits  are  made  into  the  veins  running' 
along  the  outer  margins  of  the  ears.  The  hair  over  the  ear  is  flipped  and 
the  animal  hel<l  for  a  short  time  head  downwavfl  so  that  the  vessels 
of  the  head  ma)'  fill  with  blood.     .\n  a.s.«istant  holds  the  animal  linnly  in 


Pio.  53. — Rabbit  Caqb. 


r 


a  horizontal  position,  the  operator  j^rasps  the  tip  of  the  ears  with  the 
left  hand,  and  earefully  passers  his  needle  into  the  vein  in  the  direction 
as  nearly  as  jMissiiile  parallel  to  its  course.     (See  Fig.  .5(1.) 

Mice  are  usually  inoculated  under  the  skin  near  the  base  of  the  tail. 
They  may  be  placed  in  a  jar  over  which  a  cover  of  stiff  wire-gauze  is 
held.  They  arc  then  grasix-d  by  the  tail,  by  which  they  are  drawii  up 
between  the  side  of  the  jar  and  the  edge  of  the  wire  cover,  so  that  the 
lower  end  of  the  back  shall  be  easily  aceesvsible.  The  skin  is  then  wiped 
with  a  piece  of  cotton  dipiped  in  carbolic  .solution  and  the  needle  is  in- 
serted. Great  care  must  Ik-  exercised  to  avoid  pa.ssing  the  needle  too 
close  to  the  \ertcbral  cohmin.  Mice  are  extremely  deUcate,  and  any 
injury  to  the  spine  usually  causes  immediate  death. 
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With  proptT  care  mice  or  rats  may  be  easilj-  injefted  intrtivcnoiisly 
if  a  sufficiently  fine  noodle  is  usod.  There  an;  four  supcrticiaily  placcnl 
veins  nmoing  along  tlic  tail,  which  .«tiiiid  out  i)roiiiiiicntly  when  ruMn'ii 
with  cotton  moisteneil  with  xylol.    Into  these  the  injections  are  made. 

When  inot^ulatiiig  rat,><  or  giiinea-i>igs  with  bacillus  i)estis  the  Kolle 
vaccination  method  is  u.sed.  The  skin  is  miTcly  sluived  antl  a  loopful 
of  the  culture  vigorously  rubl.ied  into  the  shaven  area. 

The  various  forms  of  animal  holders  which  have  been  devised  are 
rarely  necessarj'  in  bacteriological  work  unles.-t  wi>rkiii<;  unassist  -d,  im- 
mobilization of  the  anhnals  being  easily-  accoin|>lished  by  the  haiuls  <if  a 
skilled  tissistunt. 

Autopsies  ujjon  infected  animals  must  be  carefully  made.  The  ani- 
mals are  tied, back  down,  upon  pans  fitted  in  the  corners  with  clamps  for 
the  string!?.  Tliey  are  then  moistened  either  with  hot  water  or  with  a 
weak  solution  of  carbolic  acid,  so  that  contamination  by  hair  may  be 
avoided.  A  median  cut  is  made,  the  skin  is  carefully  dissected  biu-k, 
and  the  body  cavities  are  opened  with  sterile  instrunH-nts.  Cultures 
may  then  bo  taken  from  exudates,  blood,  or  organs  under  precautions 
similar  to  those  recommended  below  for  similar  procedures  at-  autopsy 
upon  man. 

Inoculated  animals  should  be,  if  possible,  kept  separate  fn>m  healthy 
aninuils.  Rabbits  and  guinea-pigs  are  best  kept  in  galvani/.ed  iron-win" 
rages,  which  are  fitt^^d  with  floor-pans  that  can  be  taken  out  ami  cleaned 
and  sterilized.  Mice  may  Ik-  kept  in  batterj'  jare  fitted  with  perforated 
tnetal  covere.  The  mice  .shouhl  be  supplied  with  large  pieces  of  cot  ton 
upon  batting  since  they  are  delicately  su.sceptible  to  cold. 


CHAPTER  X 

THE  BACTERIOLOGICAL  EXAMINATION  OF  MATERIAL  FROM 

PATIENTS 


In  making  bacteriological  examinations  of  material  taken  from 
living  patients,  or  at  autopsy,  the  validity  of  result  is  as  fully  dependent 
upon  the  technique  by  which  the  material  is  collected,  as  upon  proper 
manipulation  in  the  later  stages  of  examination. 

Material  taken  at  autopsy  should  be,  if  possible,  directly  transferred 
from  the  cadaver  to  the  proper  culture  media.  If  cultures  are  to  be  taken 
from  the  liver,  spleen,  or  other  organs,  the  surface  of  the  organ  should 
first  be  scarefl  with  a  hot  scalpel  and  an  incision  made  through  the  cap- 
sule of  the  orpan  in  the  seared  area,  with  the  same  instmment.  The 
platinum  needle  can  then  be  plunged  through  this  inci.sion  anti  material 
for  cultivation  be  taken  with  little  chance  of  surface  contamination. 
When  blood  is  to  be  transferred  from  the  heart,  the  heart  nmscle  may  be 
incised  with  a  hot  knife,  or  else  the  needle  of  a  hjpodcnnic  sj'ringe  may 
be  plunged  through  the  previously  seared  heart  muscle  and  the  blood 
aspirated.  The  saxmc  end  can  be  accompli'ihr'd  by  means  of  a  pointed, 
freshly  prepared  Pa.-itcur  pipette.  In  taking  specimens  of  blooti  at  au- 
topsy it  is  safer  to  take  them  from  the  arm  or  leg,  by  allowing  the  blood 
to  flow  into  a  broad,  deep  cut  made  through  the  sterilized  .^kin,  tlran  from 
the  heart,  since  it  has  been  found  that  post-mortem  contamination  of 
the  heart's  blood  takes  place  rapidly,  probably  through  the  large  veins 
from  the  lungs.  Exudates  from  the  pleural  cavities,  the  pericardium, 
or  the  peritoneum  may  be.  taken  with  a  sterilizeil  syringe  or  pipette. 

Materials  collected  at  the  bedside  or  in  the  operating-room  shoulil 
be  transferred  directly  to  the  proper  media  or  eisi?  into  sU-rile  test  tubes 
and  so  sent  to  the  luboratorj-.  When  the  material  is  scanty,  it  may  be 
collected  upon  a  8t<?rile  cotton  swab,  which  should  be  immetliately  re- 
placed in  the  sterilize<l  containing  tube  and  sent  to  the  laboratorj'. 

Syringes,  when  used  for  the  collectinn  of  exudates  or  blood,  should 
be  of  some  variety  which  is  easily  sterilizable  by  dry  heat,  or  boiling. 
Most  convenient  of  the  fonns  in  conniion  use  are  the  all-gla.H9  "  Luer  " 
syringe,  or  the  cheaptT  "Sub-Q"  model.  Instruments  which  can  be 
sterilized  only  by  chemical  disinfectants  should  not  be  used.     When 
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fluids  are  collected  for  bacteriological  cxsuni nation,  such  as  spinal  fluid, 
paracentesis  fluid,  or  pleural  cxutiate,  it  is  ccmvcnient  to  have  the lu  taken 
directly  into  sterilizctl  centrifuge  tubes,  since  it  is  often  necessary  to 
concentrat-e  cellular  element-s  by  centrifugalization.  By  immediate  col- 
lection in  these  tubes,  the  danger  of  contamination  is  avoided. 

Examination  of  Exudates. — Pus. — Pus  should  first  be  examined 
morphologically  by  some  simple  stain,  such  as  gentian-violet,  and  by 
the  Gram  stain.  It  is  convenient,  also,  to  stain  a  specimen  by  Jenner's 
stain,  in  order  to  show  clearly  the  relation  of  bacteria  to  the  cells. 
Such  morphological  examination  not  only  furnishes  a  guide  to  future 
manipulation,  but  supplies  a  control  for  the  results  obtained  by  cultural 
methods.  Specimens  of  the  pus  are  then  transferred  to  the  propvr 
media,  and  pour-plates  made  or  streaks  made  u|K)n  the  surface  of 
previously  prepared  agar  or  serum-agar  plates. 

A  guide  to  the  choice  of  meilia  is  oft*n  found  in  the  result  of  the 
morphological  examination.  In  most  cases,  it  is  well  also  to  make 
anaerobic  cultures  by  some  simpler  method.     (See  page  148  et  seq.) 

Thecolonieswhichdevelopuponthe  platesshould be  studied  under  the 
microscope,  and  specimens  from  the  colonies  transferred  to  cover-glasses 
and  sUdes  for  morphological  examination  and  to  the  various  media  for 
further  growth  and  identification.  Animal  inoculation  and  agglutination 
tests  must  often  also  be  resorted  to.  A  knowlwlge  of  the  source  of  the 
material  may  furnish  considerable  aid  in  making  a  bacteriological  diag- 
nosis, though  great  caution  in  depeniling  upon  such  aid  is  recomraeniled. 
In  the  examination  of  peritoneal,  pericardial,  or  pleural  exiuiates  it  is 
often  advantageous  to  use  the  sedinn-ut  obtained  by  centrifugalization. 
A  differential  count  of  the  cells  present  may  be  of  aid  in  confirming  the 
bacteriological  findings.  Morphological  examination  anil  cultural  exam- 
ination are  made  as  in  the  case  of  pus.  Specimens  should  also  in  these 
cases  be  stained  for  tubercle  bacilli.  Whenever  morphological  exami- 
nations of  such  fluids  are  negative,  no  bacteria  l)eing  fouml,  and  i-specially 
when  among  the  cellular  elements  the  lymphocytes  preponderate,  the 
search  for  tubercle  bacilli  should  Iw  continued  by  means  of  animal  inocu- 
lation. Guinea-pigs  should  be  inoculated  intraperitoneally  from  speci- 
mens of  the  fluid.  The  animals  will  usually  die  within  six  to  eight  weeks, 
but  can  be  killed  and  examined  at  the  end  of  about  sL\  weeks  if  they 
remain  alive.  The  chances  for  a  positive  result  are  considerably 
increased  if  the  fluid  is  set  away  in  the  ic»M;hest  until  a  clot  has  formed 
and  the  animals  are  inoculated  with  the  material  from  the  broken-up 
clot  j3 
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The  routine  examination  of  spinnl  Jlvi'd  is  best  made  upon  the  Redi- 
nicnt  of  centrifugalized  specimens.  The  niicroorgiinisrasi  with  which  we 
deal  most  frequently  in  this  fluid  are  the  meningococcus,  the  pncumococ- 
cus,  the  streptococcus,  and  the  tubercle  bacillus.  If  morphologiral  ex- 
amination reveals  bacteria  resembling  the  first  three  of  these  in  appear- 
ance and  staining-reaction,  surface  smears  should  preferably  bo  made 
upon  plates  of  serum  agar,  blood  agar,  or  upon  tubes  of  Loefflcr's  co- 
agulated blood-serum.  Failure  to  find  organisms  morphologically  docs 
not  exclude  their  presence  and  careful  cultivation  should  be  done  in  all 
cases.  When  organLsm.s  arc  not  found  by  simple  morphological  examina- 
tion and  the  fluitl  and  .sediment  are  scanty,  specimens  should  be  stained 
by  the  Ziehl-Neelson  method  for  tubercle  bacilli.  In  such  cjises  it  is 
often  of  advantage  to  set  away  the  specimen  until  a  thin  thread-like 
clot  of  fibrin  has  formed  in  the  bottom  of  the  tube.  In  smears  of  such 
a  clot,  tubercle  bacilli  are  found  with  far  greater  ease  than  they  are  found 
in  centrifugalized  specimens.  If  these  examinations  are  without  result, 
inoculation  of  guinea-pigs  should  be  resorted  to. 

Bxamination  of  Urine. — Bacteriological  examination  of  the  urine  Ls 
of  value  only  when  specimens  have  been  taken  with  sterile  cathetcra, 
and  care  has  been  exercised  in  the  disinfection  of  the  external  genitals. 
Many  of  the  numerous  finds  of  bacillus  coli  in  urine  are  unquestionably 
due  to  defective  methods  of  collecting  material.  Urine  should  be  een- 
trifugalized  and  the  sediment  examined  morphologically  and  pour- 
plates  made  and  surface  smears  made  upon  the  proper  media.  If 
necessar)',  animal  inoculation  may  be  done.  In  examining  urine  for 
tubercle  bacilli,  special  care  should  be  taken  in  staining  methods  so 
as  to  differentiate  from  Bacillus  smegmatis. 

Examination  of  Feces. — Human  feces  contain  an  enormous  num- 
ber of  bacteria  of  many  varieties.  Klein,'  by  special  methods,  es- 
timated that  there  were  about  75,000,000  bacteria  in  one  milligram 
of  feces.  It  has  been  a  noticeable  result  of  all  the  investigations  upon 
the  feces,  that  although  enormous  numljcrs  can  be  counted  in  moipho- 
logical  specimens,  only  a  disproportionately  smaller  number  can  be 
cultivateil  from  the  same  specimen.  This  is  explicable  upon  the  ground 
that  special  culture  media  are  necessary  for  many  of  the  species  found 
in  intestinal  contents  and  upon  the  con.sideration  that  many  of  the 
bacteria  which  an-  present  in  the  morphological  specimen  are  dead,  show- 
ing that  there  are  bactericidal  processes  going  on  in  some  parts  of  the 


'  Klein,  Ref.  Cent.  f.  Bakt.,  I,  xm,  1901. 
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intestinal  tract,  possibly  through  the  agency  of  intestinal  secretions, 
bile,  and  the  action  of  the  products  of  metabolism  of  the  hardier  species 
present.  By  far  the  greater  part  of  the  intestinal  flora  consists  of  mem- 
bers of  the  colon  group,  bacilli  of  the  lactis  aerogcncs  group,  Bacillus 
fscalis  alkallgcnes,  Bacillus  mesentericus,  and  relatively  smaller  num- 
rs  of  streptococci,  staphylococci,  and  Gram-positive  anaerobes.  Many 
other  species,  however,  may  be  present  without  being  necessarily  eon- 
sidered  of  pathological  significance.  Certain  writers  have  recently  laid 
much  stress  upon  a  preponderance  of  fJram-positive  bacteria  in  speei- 
mens  of  feces,  claiming  that  such  preponderance  signifies  some  form 
if  intestinal  disturbance.  Herter  '  has  recently  advanced  the  opinion 
,hat  the  presence  of  Bacillus  aerogenes  capsulatus  in  the  intestinal  canal 
is  definitely  associated  with  pernicious  anemia.  The  determination  of 
these  bacilli  in  the  stools  is  made  both  by  morphological  examination 
by  means  of  (imin  stain  and  by  isolation  of  the  bacteria.    Such  isola- 

ftion  is  easily  done  by  the  method  of  Welch  and  Nuttal.'  A  suspension 
Of  small  <}uantities  of  the  feces  in  salt  solution  is  made  and  1  c.c.  of  the 
filtered  suspension  is  injected  into  the  ear  vein  of  a  rabbit.  .After  a  few 
minutes  the  rabbit  is  kUled  and  placed  in  the  incubator.  After  five  hours 
of  incubation,  the  rabbit  is  dissected,  and  if  the  Welch  bacillus  has 
been  present  in  the  feces,  small  bubbles  of  gas  will  have  appeared  in 
the  liver  from  which  the  bacilli  may  be  cultivated  in  anaerobic  stab- 
cultures. 
Bacteriological  examination  of  feces  is  most  often  undertaken  for 
the  isolation  of  Bacillus  typhosus.  This  is  accomplished  with  a  gi-eat 
deal  of  difficulty  because  of  the  overwhelming  numbers  of  colon  bacilli 
which  easily  outgrow  the  typhoid  germs,  and  because  of  the  similarity 
of  their  colonies  in  most  media.  Many  methods  have  been  devised  for 
this  purpose,  all  of  which  depend  upon  the  use  of  special  media  aimed 
at  the  inhibition  of  colon  and  other  bacilli  and  the  production  of  recog- 
nizable differences  in  the  colonies  of  typhoid  and  colon  bacilli.  Such 
media  are  those  of  ELsner,  Hiss,  Conradi-Drigalski,  Loeffler,  Hesse,  and 
others,  which  are  described  in  the  section  upon  special  media.  (See  page 
133.)  The  methods  of  using  these  media  will  be  found  described  in  the 
chapter  on  Bacillus  typhosus  (p.  399.) 

Cholera  spirilla  may  l>e  recognized  in  and  isolated  from  the  stools  of 
patients  by  morphological  examination,  and  by  cultivation.  (See 
section  on  Sp.  cholerie.) 

•  Herler,  "  Common  Bacterial  Infections  of  the  Digestive  Tract,"  N.  Y.,  1907, 
»  Wdeh  and  NMal.    See  ref.  p.  469. 
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Fur  the  isolation  of  dyscMitury  bacilli  from  feces,  no  satisfactory 
special  methods  have  as  yet  been  devised.  Here  we  can  depend  only  up- 
on careful  plating  upon  agar  and  f:t-l;itin  and  extended  colony  "fishing," 
and  the  study  of  pure  cultures.  The  complete  absence  of  motility  of 
these  bacteria  is  of  much  aid  in  such  identification. 

The  determination  of  tuberclo  bacilli  in  stools  is  difficult  and  of 
questionable  significance,  in  that  they  may  be  present  in  people  suffer- 
ing from  pulmonary  tuberculosis  as  a  consequence  of  swallowing  sputum 
or  infected  food,  and  in  that  there  may  be  other  acid-fast  bacilli,  such 
as  the  timothy  bacillus,  present. 

Blood  Cultures. — 'Jhe  dijignosis  of  septicemia  can  be  positively  made 
during  life  only  by  the  isolation  of  bacteria  from  the  blood.  Such  exam- 
inations are  of  much  value  and  arc  usually  successful  if  the  technique 
is  properly  carried  out.  A  large  number  of  methods  are  reconmiendcd, 
the  writers  giving,  however,  only  the  one  which  they  have  found 
successful  and  simple  for  general  use. 

The  blood  is  taken  by  preference  from  the  median  basilic  vein  of  the 
arm.  If,  for  some  reason  (both  forcanns  having  lx?cn  u.sed  for  saline 
infusion),  these  veins  arc  unavailable,  blood  may  be  taken  from  the 
internal  saphenous  vein  as  it  turns  over  the  internal  malleolus  of  the 
ankle  joint.  The  skin  over  the  vein  should  be  prepared  before  the 
8|)eeimen  is  taken  by  painting  vvitli  indine,  as  for  a  suryieal  operation. 
The  syringe  which  is  used  should  be  of  some  sterilizable  variety  {the 
most  convenient  the  Luer  model),  which  is  easily  manipulated  and 
does  not  draw  with  a  jerky,  irregular  motion.  Its  capacity  should  be 
at  least  10  e.c.  It  may  be  sterilized  by  boiling  for  half  an  hour,  or 
preferably,  when  all-ghiss  syrin<:es  are  u.sed,  they  may  be  inserted  into 
potato-tubes  and  sterilized  at  high  temperature  in  the  hot-air  chamber. 
Before  drawing  the  blood,  a  linen  bandage  is  wound  tightly  about 
the  upper  arm  of  the  pHtient  in  order  to  cause  the  veins  to  stand 
out  prominently.  When  the  veins  arc  plainly  in  view,  the  needle  is 
plunged  through  the  skin  into  the  vein  in  a  direction  parallel  to  the 
vessel  and  in  the  direction  of  the  blood-stream.  After  perforation  of 
the  akin,  while  the  needle  is  groping  for  the  vein,  gentle  suction  may 
be  exerted  with  the  piston.  Great  care  should  be  exercised,  however, 
that  the  piston  is  not  allowed  to  slip  back,  and  air  be,  by  accident, 
forced  into  the  vessel.  In  most  cases  no  suction  is  necessary,  the  pres- 
sure of  the  blood  being  siiftieient  to  push  up  the  piston.  After  the  blood  ] 
has  been  drawn,  it  should  be  immediately  transferred  to  the  proper 
media.    Epstein  has  recently  recommended  the  mixture  of  the  blood 
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pn'frrablo,  whoncvor  po.s.sible,  to  ninko  t-ulturea  from  the  blood  im- 

niotliatfly  at  the  bedsitif. 

The  choice  of  culture  media  for  blood  cultures  should,  to  a  certain 

extent,  be  adapted  to  each  individual  case.  For  routine  work,  it  is  Ix-st 
-.to  employ  gluco.se-tneat-infusion  agar  and  glucose-nieat-infusion  broth. 
lAt  least  six  glucose-agar  tubes  should  be  molted  and  immersed  in  water 
|at  45°  C.    Befoi-e  the  blood  is  mixed  with  the  medium,  the  agar  should  be 
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cooled  to  41°  in  order  that  bacteria,  if  present,  may  not  be  injured  by 
tiic  heat.  The  blood  Ls  added  to  the  tubes  in  varying  quantities,  ranging 
frrmi  0.25  to  1  v.c.  each,  in  order  that  different  degrees  of  coucentnition 
may  be  obtained.  Mixing  is  aecom])lisheiI  by  the  usual  dipping  and 
rotar>'  motion,  the  formation  of  air-bubliles  IxMng  thus  avoided.  The 
mouth  of  eiieh  test  tube  whould  be  passed  through  the  flame  before  pour- 
ing the  cont<>nt8  into  the  plates.  Three  flasks  of  gluf0.se  broth,  contain- 
ing \<}Q  to  150  r.c.  of  fluid  each,  should  be  inocidatcd  with  varying 
(|iia[ititir's  of  blood — at  least  one  of  the  flasks  containing  the  blood  in 
high  dilution.  The  moat  stringent  care  in  the  withdrawal  and  replace- 
ment of  the  cotton  stoppers  should  be  exercised.'  The  writers  have 
found  it  convenient  to  use,  in  place  of  one  of  these  flasks,  one  containing, 
in  addition  to  the  glucose,  1  gm.  of  powdeifd  calcium  carbonate. 
Tl.'is  insures  neutrality,  permitting  pneumococci  or  streptococci,  which 
are  sensitive  to  acid,  to  develop  anti  retain  their  vitality. 

In  making  blood  cultures  from  typhoid  patients,  Buxton  and  Cole- 
man *  have  obtained  excellent  results  by  the  use  of  pure  ox-bile  con- 
taining ten  per  cent  of  glycerin  and  two  per  cent  of  peptone  in  flasks. 
The  writers  have  had  no  difficulty  in  obtaining  typhoid  cultures  by  the 
use  of  slightly  acid  ineat-extract  broth  in  flasks  containing  200  or  more 
c.c.  to  which  comparatively  little  blood  has  been  tran.sferri'd. 

ANAiiROBic  Blood  Cultures. — These  cultures  may  be  taken  by 
mixing  blood  in  deep  tubeii  with  glucose-ascitic  agar,  covering  with 
albolene  and  putting  into  Novy  jars. 

In  estimating  the  results  of  a  blood  culture,  the  exclusion  of  con- 
tamination usually  oflfers  little  difficulty.  If  the  same  microorganism 
appears  in  several  of  the  plates  and  fla.sks,  if  colonies  upon  the  plates 
are  well  distributed  within  the  center  and  under  the  surface  of  the 
medium,  and  if  the  microorganisms  themselves  belong  to  species  which 
coninionly  cause  septicemia,  such  as  streptococcus  and  pneumocoecus, 
it  is  usually  safe  to  assume  that  they  have  emanated  from  the  patient's 
circulation,  ^\^len  colonies  are  present  in  one  plate  or  in  one  flask 
only,  when  they  are  situated  only  near  the  edges  of  a  plate  or  upon 
the  surface  of  the  medium,  and  when  they  belong  to  varieties  whi^di 
are  often  found  saprophytic  upon  skin  or  in  air,  they  must  be  looked 
upon  with  suspicion.  It  is  a  good  rule  to  look  upon  all  staphylococcus 
albus  cultures  skeptically. 

'  Small  Florence  flaskB  are  preferable  to  the  Erlenmeyer  flasks  usually  employed. 
'  Buxton  and  Coleman,  Am.  Jour,  of  Med.  ijci.,  1907. 
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CHAPTER   XI 


fXTNDAMENTAL  FACTORS  OF  PATHOGENICITY  AND  LNFBCTION 

When  microorgantsnis  gain  entrance  to  the  animal  or  hwraan  body 
and  give  rise  to  disease,  the  process  is  spoken  of  as  infection. 

Bacteria  are  ever  present  in  the  enviroiniient  of  animals  and  human 
beings  and  some  find  constant  loilgment  on  various  parts  of  the  body. 
The  mouth,  the  nasa!  pii-ssages,  the  skin,  the  upper  respiratory  traci;,  the 
conjunctiva?,  the  ducts  of  the  genital  system,  and  the  intestines  are 
mvariably  inhabited  liy  numerous  species  of  bacteria,  which,  while  sub- 
ject to  no  absolute  constancy,  conform  to  more  or  less  definite  charac- 
t^^ristics  of  sjwcies  distribution  for  each  locality.  Thus  the  colon  organ- 
lisms  are  invariably  present  in  the  norma!  bowel,  Doderlein's  bacillus 
in  the  vagina.  Bacillus  xerosis  in  many  noi-mal  conjunctiva',  anti  staphy- 
lococcus, streptococcus,  various  spirilla,  and  pneumococcus  in  the  mouth. 
Li  contact,  therefore,  with  the  botlies  of  animals  and  man,  there  is  a  large 
flora  of  microorganisms,  some  as  constant  parasites,  otheiB  as  transient 
invaders;  some  harndcss  saprophyt-ea  and  others  capable  of  becoming 
pathogenic.  It  is  evident,  therefore,  that  the  production  of  jui  infection 
must  depend  upon  other  influences  than  the  mere  presence  of  the  micro- 
crgamsms  and  their  contact  with  the  body,  and  that  the  occurrence  of 
[the  reaction — for  the  phenomena  of  infection  are  in  truth  reactions  be- 
'  twecn  the  germ  and  the  body  defenses — is  governed  by  a  number  of 
important  secondar>-  factors. 

In  order  to  cause  infection,  it  is  necc-ssaiy  that  the  bacteria  shall  gain 
entrance  to  the  body  by  a  path  atlapted  to  tlunr  own  respective  cultural 
requirements,  and  shall  be  permittci!  to  [)roliferate  after  gaining  a  foot- 
hold. Some  of  the  bacteria  then  cause  disease  by  rapid  multiplication, 
progre&sively  invading  more  and  more  extensive  areas  of  the  animal 
tissues,  while  others  may  remain  localized  at  the  pomt  of  invasion  and 
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exert  ihfir  harmful  artion  chiefly  by  local  growth  ninl  tho  elaboration  of 
sperific  poisons. 

The  incitinf;  ot  inhibiting  factors  which  permit  or  prohibit  an  in- 
fection are  (li'pi'iidciit  in  part  ujion  the  nature  of  the  invading  fierrn  ami 
in  part,  ujnin  the  ronih'tions  of  the  defensive  mechanism  of  the  suliject 
attacked. 

Bacteria  ar<^  roufjhly  divided  into  two  classes,  saprophytes  and 
parasit.es.  The  sapr()phytes  an;  those  bacteria  which  thrive  best  on 
dead  organic  matter  an((  fulfill  tho  enormously  important  function  in 
natun^  of  n^ducinp  t)y  their  physiolofiical  activities  the  excreta  and 
dead  bodies  of  inure  highly  organized  forms  hito  those  simple  chemical 
substances  which  may  again  be  utib'zed  by  the  plants  ui  their  con- 
structive proce.s.ses.  The  sapro]ihytes,  thus,  arc  of  extreme  importance 
in  maintaining  the  chemical  l>altiiice  Ijetwcf^n  the  animal  and  plant 
kingdoms.  Parasites,  on  the  other  hand,  find  the  most  favorable 
conditions  for  their  development  upon  the  living  bodies  of  higher  fonns. 

While  a  strict  separation  of  tiio  two  divisions  can  not  Ix;  made,  nu- 
merous species  forming  transitions  between  the  two,  it  may  be  said 
that  the  latter  class  compri.ses  most  of  the  ao-eallcd  pathogenic  or 
diseiwe-jiroducing  bacteria.  Strict  saprophytes  nuiy  cause  disease, 
but  only  in  ca.-<es  where  other  factors  have  brought  about  the  death 
of  some  part  of  the  tissues,  and  the  bacteria  invade  the  necrotic 
areas  and  break  down  the  proteids  into  poisonous  chemical  sub- 
stances such  as  ptomains,  or  through  their  own  destruction  give 
rise  to  the  lilK-ratitm  of  toxic  c<mstituents  of  their  bodies.  It  is 
necessary,  therefore,  that  bacteria,  in  onler  to  incite  disease, 
should  belong  strictly  or  facultatively  to  the  class  known  a«  para- 
sitic. It  nnist  not  be  forgott/'n,  however,  that  the  tenns  arc  relative, 
and  that  liacteria  ordinarily  saprophytic  may  develop  parasitic 
and  pathogenic  powers  when  the  resisting  forces  of  the  invaded 
subject  aiv,  re<luced  to  a  minimum  by  chroni(;  constitutional  disease 
or  other  causes. 

Organisms  that  arc  parasitic,  however,  are  not  necessarily  pathogclc, 
and  there  are  certain  more  or  l(\ss  fundamental  rer|uiix'ment8  which 
experience  has  taught  us  must  bo  met  by  an  oiganisni  in  order  that  it 
may  be  infectious  (or  pathogenic)  for  any  given  animal;  and  by  infec- 
tiousness is  meant  the  ability  of  an  orgaTii.sni  to  live  and  multiply  in  the 
animal  liuids  and  tissues.  For  instance,  an  organism  which  is  shown 
not  to  grow  at  the  body  temperature  of  wami-blooded  animals  may 
safely  be  assumed  not  tolx;  infectious  for  such  animals;  and  experience  is 
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gradually  teaching  us  that  strictly  aerobic  organisms,  those  thriving 
only  in  the  presence  of  free  oxygen  and  not  able  to  obtain  this  gas  in 
available  combination  from  carbohydrates,  can  also  be  safely  excluded 
from  the  infectious  class.  We  have  also  learned  that  anaerobic  organ- 
isms, although  infectious  when  gaining  entrance  to  tissues  not  abun- 
dantly supplied  with  blood,  are  practically  unable  to  multiply  in  the 
blood  stream  and  give  rise  to  generalized  infection. 

The  pathogenic  microorganisms  differ  very  much  among  themselves 
in  the  degree  of  their  disease-inciting  power.  Such  power  is  known  as 
virulence.  Variations  in  virulence  occur,  not  only  among  different 
species  of  pathogenic  bacteria,  but  may  occur  within  the  same  species. 
Pneumococci,  for  instance,  which  have  been  kept  upon  artificial  media 
or  in  other  unfavorable  environment  for  some  time,  exhibit  less  viru- 
lence than  when  freshly  isolated  from  the  bodies  of  man  or  ani- 
mals. It  is  necessary,  therefore,  in  order  to  produce  infection,  that 
the  particular  bacterium  involved  shall  possess  sufficient  virulence. 

Whether  or  not  infection  occurs  depends  also  upon  the  number  of 
bacteria  which  gain  entrance  to  the  animal  tia-sues.  A  small  number  of 
bacteria,  even  though  of  proper  species  and  of  sufficient  vimlence,  may 
easily  be  overcome  by  the  first  onslaught  of  tlie  tiefeusive  forces  of  the 
body.  Bacteria,  therefore,  must  be  in  sufficient  number  to  overcome  local 
defenses  and  to  gain  a  definite  foothold  and  carrj-  on  their  life  processes, 
before  they  can  give  rise  to  an  infection.  The  more  virulent  the  gcnn, 
other  conditions  being  equal,  the  smaller  the  number  necessarj'  for  the 
pro<luction  of  disease.  The  introduction  of  a  single  individual  of  the 
anthrax  species,  it  is  claimed,  is  often  sufficient  to  cause  fatal  infection; 
while  forms  less  well  adaptetl  to  the  parasitic  mode  of  life  will  gain  a 
foothold  in  the  animal  body  only  after  the  introduction  of  large  numbers. 

The  Path  of  Infection. — The  portal  bj'  which  bacteria  gain  entrance 
to  the  human  body  is  of  great  importance  iii  detennining  whether  or  not 
disease  shall  occur.  Typhoid  bacilli  rubbed  into  the  abraded  skin  may 
give  rise  to  no  reaction  of  imjKirtance,  while  the  same  microorganism, 
if  swallowed,  may  cause  fatal  infection.  Conversely,  virulent  strepto- 
cocci, when  swallowed,  may  cause  no  harmful  effects,  while  the  same 
bacteria  rubbed  into  the  skin  may  give  rise  to  a  severe  reaction. 

Animals  and  man  are  protected  against  invasion  by  bacteria  in 
various  ways.  Externally  the  body  is  guarded  by  its  coverings  of  skin 
and  mucous  membranes.  \Vhen  these  are  healthy  and  undisturbed, 
microorganisms  are  usually  held  at  bay.  While  this  is  tnie  in  a  gen- 
eral   way   bicteria  may  in  occasional  cases  pass  through   uninjured 
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skin  and  mucosa.  Thus  the  Austrian  Plague  Commission  fouml  that 
g;uinca-pigs  uould  be  infected  when  plague  bacilli  were  rulihed  into  the 
shaven  skin,  and  there  can  hardly  be  mueh  doubt  of  the  fact  that 
tubercle  bacilli  may  occasionally  pass  through  the  intestinal  mucosa  into 
the  lymphatics  without  causing  local  lesions. 

Even  after  bacteria  of  a  pathogenic  sprecics,  in  large  numbers  and  of 
adequate  virulence,  have  passed  through  a  locally  undefcndL'(i  area  in 
the  skin  or  mucosa  of  an  animal  or  a  human  being  by  a  path  most  favor- 
ably atlapted  to  them,  it  is  by  no  means  certain  that  an  infection  will 
take  ]>Lu'e.  The  bodies  of  animals  and  of  man  have,  as  we  shall  see,  at 
their  disposal  certain  general,  systenu'c  weapons  of  defense,  both  in  the 
blood  serum  and  the  cellulai'  elements  of  blood  and  ti.ssucs  which,  if 
noniially  vigorous  and  active,  will  usually  overcome  a  certain  number 
of  the  invading  bacteria.  If  the.se  defenses  arc  abnormally  depressed, 
or  the  invading  microorganisms  arc  disproportionately  virulent  or  plen- 
tiful, infection  takes  place. 

Bacteria,  after  gaining  an  entrance  to  the  body,  may  give  rise  merely 
to  local  inflammation,  necro-sis,  and  alisccss  formation.  They  may,  on 
the  other  hand,  from  the  local  lesion,  gain  entnince  into  the  lymphatics 
and  blood-vcs-sels  ami  Ix;  carried  freely  into  the  circulation,  when%  if  they 
survive,  the  resulting  condition  is  known  as  bacteriemia  or  septicemia. 
Carried  by  the  blooil  to  other  parts  of  the  body,  they  may,  under  favor- 
able circumstances,  gain  foothold  in  various  organs  and  give  rise  to 
secondary  foci  of  inflammation,  necrosis,  and  abscess  formation.  Such 
a  comlition  is  known  as  pnetuin.  The  disea.se  processes  arising  as  the 
result  of  bjicterial  invasion  may  depend  wholly  or  in  part  upon  the 
mechanical  injury  produced  by  the  process  of  inflammation,  the  dis- 
turbance of  function  caused  by  the  pivsenco  of  the  bacteria  in  the  capil- 
laries and  tissue  spaces,  and  the  absorption  of  the  necrotic  products 
resulting  from  the  reaction  between  the  body  cells  and  the  micro- 
organisms. To  a  large  extent,  however,  infectious  diseases  are  char- 
acterized by  the  .symptoms  resulting  from  the  absorption  or  diffusion 
of  the  poisons  produced  by  the  bacteria  themselves. 

Bacterial  Poisons. — It  was  plain,  even  to  the  earliest  students  of  this 
subject,  that  mere  mechanical  capillary  obstniction  or  the  ab.sorption 
of  the  products  of  a  local  inflammation  were  insufficient  to  explain  the 
profound  .systemic  disturbances  which  accompany  many  bacterial  in- 
fections. The  verj'  nature  of  bacterial  disease,  therefore,  suggested  the 
presence  of  poisons. 

It  was  in  his  investigations  into  the  nature  of  these  poisons  that 
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Brieger  '  was  led  to  the  diacoverj'  of  the  plomaimf.  These  bodies,  first 
isolated  by  him  from  decomposing  beef,  fish,  and  human  cadavers,  have 
found  more  extended  discussion  in  another  section.  Accurately  classified, 
they  are  not  true  bacterial  poisons  iu  the  sense  in  which  the  term  Ls 
now  employed.  Although  it  is  true  that  they  arc  produced  from  pro- 
teid  material  by  bacterial  action,  they  arc  cleavage  proilucts  derived 
from  the  culture  medium  upon  the  composition  of  which  their  nature 
intimately  depends.  The  bacterial  poLsona  proper,  on  the  other  hand, 
are  specific  products  of  the  bacteria  them.selves,  depentlcnt  upon  the 
nature  of  the  medium  only  as  it  favors  or  n^tards  the  full  development 
of  the  physiological  functions  of  the  microorganisms.  The  poisons,  pro- 
duced to  a  greater  or  lesser  extent  by  all  pathogenic  microorganisms, 
may  be  of  seveial  kinds.  The  true  toxins,  in  the  specialized  meaning 
which  the  term  has  acquired,  are  soluble,  truly  secretory  protiucts  of 
the  bacterial  cells,  passing  from  them  into  the  culture  medium  during 
their  life.  They  may  be  obtained  free  from  the  bacteria  liy  filtration  and 
in  a  purer  state  from  the  filtrates  by  chemical  precipitation  and  a  vari- 
ety of  other  methods.  The  most  important  e.\aniples  of  such  poisons 
arc  those  elabori^ted  by  Bacillus  diphtherite  and  Bacillus  tetani.  If 
ciiltures  of  these  bacteria  or  of  others  of  this  class  are  grown  in  fluid 
media  for  st^veral  days  and  the  medium  is  then  filtered  through  porce- 
lain candles,  the  filtrate  will  be  found  toxic  often  to  a  high  degree,  while 
the  residue  will  Ik-  either  inactive  or  comparatively  weak.  Moreover, 
if  the  residue  possc-s.ses  any  toxicity  at  all,  the  symptoms  evidencing 
this  will  be  diffcnmt  from  those  produced  by  the  filtrate. 

There  are  other  microorganisms,  however,  notably  the  cholera 
spirillum  and  the  typhoid  bacillus,  in  which  no  such  exotoxins  are 
formed.  If  these  bacteria  are  cultivated  and  sei)arated  from  the  cul- 
ture fluid  by  filtration,  as  above,  the  fluid  filtrate  will  be  toxic  to  only  a 
ver>'  slight  degree,  whereas  the  residue  may  prove  very  poisonous.  In 
these  cases,  we  are  dealing,  evidently,  with  poisons  not  secreted  into  the 
medium  by  the  bacteria,  but  rather  attached  more  or  less  fimdy  to  the 
bacterial  body.  Such  poisons,  separaljle  from  the  bacteria  only  after 
death  by  some  method  of  extraction,  or  by  autolj'sis,  were  termed  by 
PfeifTer  endotoxins.  The  greater  number  of  the  pathogenic  bacteria 
seem  to  act  chiefly  by  means  of  poisoiLS  of  this  class.  The  first  to  call 
attention  to  the  existence  of  such  intracellular  poisons  was  Buchner, 
who  formulated  his  conclusions  from  the  results  of  experiments  made 

I    •  Briefer,  "Die  Ptomaine,"  Berlin,  1885  and  1886. 
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with  a  numbpf  of  niicToornanisms,  notably  thr  Frindlander  bacillus 
and  Staphylococcus  pyogenes  aureus,  with  dead  cultures  of  which  he 
induced  the  formation  of  8t«rite  abscesses  in  animals  and  symptoms 
of  toxemia.  The  conception  of  "endotoxins,"  received  its  clearest 
and  most  definite  expression  in  the  work  of  Pfe'ffer'  on  cholera 
poison. 

S<jm(.'  clarity  of  conception,  based  on  vi.sual  perception,  may  possibly 
be  gained  by  comparing  wtne  of  the  product.s  of  pathogenic  bacteria 
with  bacterial  pigments  and  with  insoluble  interstitial  or  intcrcellulur 
substance,  which  may  be  seen  accompanying  bacteria  in  cover-gla-ss 
preparations.  Soluble  toxic  secretions  arc  to  be  compared  to  such  pig- 
ments as  the  pyocyanin  of  Bacillus  pyocyaneus,  which  is  so  readily 
soluble  in  culture  media;  endotoxins  proper,  to  pigments  confined  to 
the  bacteriiil  cell,  or  at  least,  when  secreted,  being  insoluble  in  culture 
media,  such  for  instance  as  the  well-known  red  pigment  of  Bacillus  pro- 
digiosus,  which  may  often  be  seen  free  among  the  bacteria  in  irregular 
red  granules  like  canninc  powder.  That  bodies  such  as  this  latter  might 
be  extruded  from  pathogenic  bacteria  and  not  be  soluble  in  the  usual  cul- 
ture fluids,  is  not  improbable,  and  the  fact  that  more  or  less  insoluble 
interstitial  substances  are  not  infrequent  among  bacteria  w  well  known. 

In  all  bacterial  bodies,  after  removal  of  toxins  and  endotoxins,  a 
certain  proteid  residue  remains  which,  if  injecU'd  into  animals,  may 
give  rise  to  localized  lesions  such  a-s  absccs-scs  or  merely  slight  temporary 
inttamraations.  The  nature  of  this  residue  has  been  carefully  studied, 
especially  by  Buchncr,  who  has  named  it  fiacleriiil  protein  and  he 
believes  the  .substance  to  be  appro.vimately  the  same  in  all  bacteria, 
without  specific  toxic  action,  but  with  a  general  ability  to  exert  a  positive 
chemotactic  effect  on  the  white  blocnl  cells,  thereby  causing  the  forma- 
tion of  pus.  The  nature  of  the  bacterial  proteins  is  by  no  means  dear, 
and  it  is  still  in  doubt  whether  the  separation  of  these  substances  from 
the  endotoxins  can  be  upheld. 

A  number  of  bacteria  may  give  rise  to  both  varieties  of  poisons. 
Thus,  recently,  Kraus  has  claimed  the  discovery  of  a  soluble  toxin  for 
the  cholera  spirillum  and  Doerr  for  the  <lysentery  bacillus,  both  of  which 
microorganisms  were  regarded  as  being  purely  of  the  endotoxin-pro- 
ducing  type. 

It  is  plain,  moreover,  that  occasionally  it  may  be  very  difficult  to 
distinguish  between  a  soluble  to.xin  and  an  endotoxin.    In  the  filtration 
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experiment  recorded  above,  it  might  well  be  chiimed  that  the  toxicity 
of  the  filtrate,  when  not  very  strong,  may  depend  upon  an  extraction 
of  endotoxins  from  the  bodies  of  the  bacteria  by  the  medium.  The 
final  test,  in  such  instances,  lies  in  the  power  of  true  toxins  to  stimu- 
late in  animals  the  production  of  antitoxins;  for,  as  we  shall  see  later, 
the  injection  of  true  soluble  toxins  into  animals  gives  rise  to  antitoxins, 
whereas  the  formation  of  such  neutralizing  bodies  in  the  serum  or  plasma 
does  not,  it  is  claimed,  follow  the  injection  of  endotoxins.  This  distinc- 
tion will  become  clearer  as  we  proceed  in  the  discussion  of  immunity.  It 
must  not  be  forgotten,  however,  that  our  knowledge  of  bacterial  pomons 
is  by  no  means  complete,  and  that  sharp  distinctions  as  those  given  above 
must  be  reganled  to  a  certain  extent  as  tentative. 

In  resistance  to  chemical  action  and  heat,  the  various  poisons  show 
widely  divergent  properties.  As  a  general  rule,  most  true  soluble 
toxins  are  delicately  thermolabile,  they  are  destroyed  by  moderate 
heating,  and  deteriorate  easily  on  standing.  Their  chemical  nature  is 
by  no  means  clear,  but,  on  precipitation  of  toxic  solutions  with  mag- 
nesium sulphate,  these  poisons  come  down  together  with  the  globulins: 
The  nature  of  the  endoto.vins  is  still  less  clearly  understood.  Most  of 
them,  while  less  labile  than  the  extracellular  poisons,  are,  nevertheless, 
destroyed  by  expo.sure  to  70°  C.  On  the  other  hand,  certain  specific  and 
powerful  intracellular  poisons,  like  those  of  the  Gartner  bacillus  of  meat 
poisoning,  may  undergo  exposure  to  even  100°  C.  and  still  retain  their 
toxic  properties.  The  nature  of  each  inilividual  poison  will  be  discussed 
in  connection  with  its  microorganism. 

The  Mode  of  Action  of  Bacterial  Poisons. — Close  study  of  the  toxic 
products  of  various  microorganisms  has  shown  that  manj'  of  the  bac- 
terial poisons  possess  a  more  or  less  definite  selective  action  upon  special 
tissues  and  organs.  Thus,  certain  soluble  to.xins  of  the  tetanus  bacillus 
and  Bacillus  botulinus  attack  specifically  the  nervous  system,  .\gain, 
certain  poisons  elaborated  by  the  staphylococci,  the  tetanus  bacillus, 
the  streptococci,  and  other  germs,  the  so-called  "hemolysins,"  attack 
primarily  the  red  blood  corpuscles.  Other  poi.sons  again  act  on  the 
white  blood  corpuscles;  in  short,  the  characteristic  affinity  of  specific 
bacterial  poisons  for  certain  organs  is  a  widely  recognized  fact. 

In  explanation  of  this  behavior,  much  aid  has  been  given  by  the 
researches  of  Meyer,'  Overton,'  Ehrlich,'  and  others  upon  the  causes  for 


'  .»/«•</«■,  .\reli.  f.  cxper.  Patiu.1.,  1899,  1901. 
'  Ovalon,  "Studien  (ib.  d.  .Narkose,"  Jcmi,  19<)t. 
*  Bhrlich,  "Sauerstoffs-Bmltirfiiisg  des  Orgi-iic  nu" 
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the  analogous  selective  behavior  of  various  narcotics  and  alkaloids. 
It  seems  probable,  from  the  researches  of  these  men,  that  the  selective 
action  of  poisons  depends  upon  the  ability,  chemical  or  physical  or  lioth, 
of  the  poisons  to  enter  into  comhiniition  with  the  siiecifically  affecteil 
cells.  From  the  nature  of  the  combinatiuns  formed,  it  seems  not  unlikely 
that  the  physical  factors,  such  as  solubility  in  the  cell  plasma,  may  also 
play  an  important  part. 

( Jb.servations  of  a  more  purely  bacteriological  nature  have  tended 
to  bear  out  these  conclusions.  Wassermann  and  Takaki,'  for  in.stance, 
have  -shown  that  tetanus  toxin,  which  specifically  attacks  the  nervous 
system,  may  be  removed  from  solution  by  the  addition  of  brain  sub- 
stance. Removal  of  the  brain  tissue  by  centrifugation  leaves  the  solu- 
tion free  from  toxin.  In  the  same  way  it  has  been  shown  that  hemo- 
lytic poisons  can  be  removed  from  solutions  by  contact  with  red 
blood  cells,  but  only  when  the  red  blood  cells  of  susceptible  species  arc 
employed. 

Similar  observations  have  been  made  in  the  case  of  leukocidin,  a 
bacterial  poison  acting  upon  the  white  blood  cells  specifically.' 

That  bacterial  poisons  injected  into  susceptible  animals  rapidly 
disappear  from  the  circulation  is  a  fact  which  bears  out  the  view  that 
a  combination  between  affected  tiss>ie  and  toxin  must  take  place. 
Donitz,'  for  instance,  has  shown  that  within  four  to  eight  minutes  after 
the  injections  of  certain  toxins,  considerable  quantities  will  have  dis- 
appeared from  the  circulation.  Conversely,  Metchnikoff  *  has  ob- 
served that  tetanus  toxin  injected  into  insusceptible  animals  (lizards) 
may  Iw  detected  in  the  blood  stream  for  as  long  as  two  mouths  after 
administration. 


•  Wa«srrmartn  and  Takaki,  Berl.  klin.  Woch.,  1898. 
^  Sachs.  Ilofmeist^r's  Beitriige,  II,  1902. 
'DtJniU,  Deut.  me<i.  Woch.,  IS97. 
•  Metchnikoff,  "  L 'immunity  dans  lea  malad.  infect," 


CHAPTER  XII 

DEFENSIVE  FACTORS  OF  THE  ANIMAL  ORGANISM 

GENERAL   CONSIDERATIONS 

We  have  seen  that  the  mere  entrance  of  a  pathogenic  microorganism 
into  the  human  or  animal  botiy  through  a  breach  in  the  continuity  of 
the  mechanical  defenses  of  skin  or  mucosa  does  not  necessarily  load  to 
the  development  of  an  infection.  The  opportimitins  for  such  on  invasion 
arc  so  numerous,  and  the  contact  of  nifinlxn-s  uf  tlie  animal  kingilom  with 
the  germs  of  disease  is  so  constant,  that  if  this  were  the  case,  sooner  or 
later  all  would  succumb.  It  is  plain,  therefore,  that  the  animal  body 
must  possess  mor  subtle  means  of  tlefen.se,  by  virtue  of  which  pathogenic 
germs  are,  even  after  their  entrance  mto  the  tissues  and  fluids,  dis- 
posed of,  or  at  least  preventcil  from  proliferating  and  elaborating  their 
poisons.  The  jwwcr  which  enables  tliu  body  to  accomplish  this  is  spoken 
of  as  resistance.  When  this  resistance,  which  in  some  degree  is  com- 
mon to  all  members  of  the  animal  kingdom,  is  especiaUy  marked,  it  is 
spoken  of  as  "  immunity." 

From  this  it  follows  naturally  that  the  terms  resistance  and  immunity, 
as  well  as  their  converse,  susceptibility,  are  relative  and  not  absolute 
terms.  Degrees  of  resistance  exL-it,  which  are  detenuined  to  a  certain 
extent  by  individual,  racial,  or  species  peculiarities;  and  persons  or 
animals  are  spoken  of  as  immune  when  tliey  are  unaffecteil  by  an  ex- 
posure or  an  inoculatiun  to  which  the  nonnal  average  indiviilual  of  the 
same  species  would  ordinarily  succumb.  The  word  does  not  imply, 
however,  that  these  individuals  could  nut  be  infected  with  unusually 
virulent  or  huge  doses,  or  under  particularly  unfavorable  circumstances. 
Thus,  birds,  while  immune  against  the  ordinarj-  dangers  of  tetanus  bacilli, 
may  be  killed  by  experimental  inoculations  with  very  large  doses  of 
tetanus  toxin.'  Similarly,  Past^'ur  rendcivd  naturally  unmune  hens 
susceptible  to  anthrax  by  cooling  them  to  a  subnormal  temperature,  and 
Canalis  aufl  Morpurgo  did  the  same  with  doves  by  subjecting  them  to 
starvation. 

'  Quoted  from  Abd,  KoIIe  und  Wassennann,  "Handbuch,"  etc. 
X»9 
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Absolute  immunity  is  exceedingly  rare.  Tlie  entire  insusceptibility 
of  coUI-bloocled  animals  (frogs  and  turtles)  under  normal  conditions  to 
inoculation  with  even  the  largest  doses  of  many  of  the  bacteria  patho- 
genic for  wami-blooded  animals,  and  the  immunity  of  all  the  lower 
animals  against  leprosy,  are  among  the  few  instances  of  absolute  imnm- 
nity  known.'  Apart  from  such  exceptional  cases,  however,  resistance, 
immunity,  and  susceptibility  must  be  regardeil  as  purely  relative  terms. 

The  power  of  resisting  any  specific  infection  may  be  the  natural 
heritage  of  a  race  or  species,  and  is  then  spoken  of  as  natural  immunitif. 
It  may,  on  the  other  hand,  bo  acquired  either  accidentally  or  artificially 
by  a  memlier  of  an  ordinaiily  susceptible  species,  and  is  then  called 
acquired  imwuiiilii. 

Natord  Immunity.— Species  Immunity. — It  Ls  well  known  that  many 
of  the  infectious  diseases  which  commonly  affect  man,  do  not,  so  far 
as  we  know,  occur  spontaneously  in  animals.  Thus,  infection  with  B. 
typhosus,  the  vibrio  of  cholera,  or  the  meningococcus  occurs  in  ani- 
mals only  aft^-r  experimental  inoculation.  Gonorrheal  ami  syphilitic 
infection,  furthermore,  not  only  does  not  occur  spontaneously,  but  is 
produced  experimentally  in  animals  with  the  greatest  difficulty — the 
consequent  dis('a.ses  being  incomparably  milder  than  those  occurring  in 
man.  Other  disea.ses,  like  leprosy,  influenza,  and  the  exanthemata,' 
have  never  been  successfully  transmitted  to  animals. 

Conversely,  there  are  di-seases  among  animals  which  do  not  spon- 
taneously attack  man.  Thus,  human  beings  enjoy  immunity  against 
Rindeipest,  and,  to  a  lesser  degree,  against  chicken  cholera. 

.\moiig  uiiimal  species  themselves  great  differences  in  susceptibility 
and  resistance  toward  the  various  infections  exist.  Often-<iuotcd  ex- 
amples of  this  are  the  remarkable  rosi.stance  to  anthrax  of  rats  and  dogs, 
and  the  immunity  of  the  common  fowl  against  tetanus. 

The  factors  which  det^nnine  these  differences  of  susceptibility  and 
resistance  among  the  various  species  are  not  clearly  understood.  It 
has  been  suggested  that  diet  in  some  instances  may  influence  Ihe.si'  re- 
lations, inasmuch  a-s  carnivorous  animals  are  often  highly  rcsi-stant  to 
glanders,  anthrax,  antl  even  tuberculous  infections,  to  which  herbiv- 
orous animals  are  markedly  susceptible.'  It  is  likely,  too,  that  the  great 
differences  between  animals  of  various  .species  in  their  roetaboli.sm, 
temperature,  etc.,  may  call  for  special  cultural  adaptation  on  the  part 

Lubartch,  Zpit.  f.  klin.  Mnliz..  xix. 
With  the  possible  exception  of  snullpox. 
>  llahn,  in  Kolle  und  W'oijsemiiuin,  vol.  iv. 
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of  the  bacteria.  The  fact  that  the  bacillus  of  avian  tuberculosis — 
whose  natural  host  has  a  normal  body  tcm|jerature  of  40°  C.  and  above 
— will  grow  on  culture  media  at  4U  to  50°  ('.,  whereas  R,  tul)errulosis 
of  man  can  not  be  cultivated  at  a  temperature  alwve  40°  C,  woultl 
seem  to  lend  some  supjjort.  to  this  view.  The  difference  between  warm- 
ami  cold-blooded  animals  ha.s  already  Ijeen  noted.  The  necessity  for 
cultural  adaptation,  too,  woukl  .'^eem  to  be  borne  out  by  the  great 
enhancement  observed  in  the  vindence  of  certain  microorganisms  for 
a  given  species  aft.er  repeated  passage  through  intiividual.'^  of  this  species. 

Racial  Im.munity. — Just  as  differences  in  susceplihility  and  im- 
munity exist  among  the  various  animal  species,  so  the  sejiarate  races  or 
varieties  within  the  same  species  may  display  differences  in  their  reac- 
tions toward  pathogenic  genns.  Algerian  sheep,  for  instance,  show 
a  much  higher  resistance  to  anthrax  than  do  our  own  domestic  sheep, 
and  the  various  races  of  mice  differ  in  their  susceptibility  to  anthrax 
and  to  glanders. 

Similar  racial  differences  arc  common  among  human  beings.  As  a 
general  rule,  it  may  be  said  that  a  race  among  whom  a  certain  di.seasc 
has  been  endemic  for  many  ages  is  less  susceptible  to  this  disease  than 
are  other  races  among  whom  it  has  been  more  recently  introduced.  The 
appalling  ravages  of  tuberculosis  amon^  negroes,  .American  Imlians,  and 
Rsquimaux,  bear  striking  witness  to  this  fact,  ("onversely,  the  compar- 
ative ifiimum'ty  of  the  negro  frt>ni  yellow  fever,  a  disease  of  the  greatest 
virulence  for  Caucasians,  funii.shes  further  evidence  in  favor  of  this 
opinion.  It  must  not  be  forgotten,  however,  in  judging  of  these  rela- 
tions, that  the  great  differences  in  the  customs  of  personal  and  social 
hygiene  existing  among  the  various  races  may  con.siderably  affect  the 
transmission  of  disease  and  lead  to  false  conclusions. 

In  so  far  as  the  statement  made  above  is  true,  however,  it  seems  to 
indicate  that  the  endemic  di.seases  have  carried  in  their  train  a  certain 
degree,  of  inherited  immunity. 

In  other  cases  '—as  in  the  instance  of  the  malaria-immunity  of 
negroes — the  resistance  st'cni.s  to  lie  acquired  rather  than  inherite<l,  for, 
as  Hirseh  was  first  to  note,  death  from  this  disease  occurred  frequently 
among  the  children,  while  adult  negroes  were  rarely  attacked. 

DrFFKRKNCi'^s  IN  INDIVIDUAL  Resistanck— In  bacteriological  ex- 
perimentation with  smaller  test  animals,  a  direct  ratio  may  often  exist 
between  body  weight  and  dosage  in  determining  the  outcome  of  an 


192 


INFECTION  AND  IMMUNTPY 


infection,  provided  the  mode  of  inoculation  has  Ix-cn  the  same  and  the 
virulence  of  the  germ  not  excessive.  It  would  seem,  therefore,  that 
among  these  animals  the  diffen-nce  in  resistance  in  the  face  of  an  arti- 
ficial infection  between  individuals  of  the  same  race  is  very  shght. 

In  higher  animals,  however,  (Especially  in  the  ca»e  of  man,  the  ex- 
istence of  such  apparent  individual  diffeivnces  is  a  well-established  fact, 
although  in  judging  of  them  we  must  not  forget  that  the  conditions  of 
infection  are  not  subject  to  the  uniformity  and  control  which  animal 
expKirimcntation  permits.  Of  a  nundxT  of  jiersons  exposed  to  any 
given  infection  there  are  always  some  who  are  entirely  unaffected  and 
there  are  great  variations  in  the  severity  of  the  disea.se  in  those  who 
arc  attacked.  In  the  absence  of  positive  evidence  in  support  of  the 
direct  inheritance  of  this  individual  immunity,  the  mo.st  reasonable 
explanation  for  such  differences  in  resistance  seems  to  lie  in  attrib- 
uting them  to  individual  variatiorts  in  metabolism  or  body  cliem- 
istry.  Depressions,  for  instance,  in  the  acidity  of  the  gastric  secix'tion 
would  pretlispo.se  to  certain  infections  of  gastro-inte.stinal  origin.  .\na- 
tomical  differences,  too,  may  possibly  influence  resistance.  Thus, 
Birch-Hirschfeld  believed  that  certain  anomalous  arrangements  of  the 
bronchial  tul>es  predi.Hposcd  to  tuberculosis. 

In.stances  of  transient  susceptibility  induced  by  physical  or  mental 
ovenvork,  starvation,  etc.,  should  hardly  be  cla.ssified  under  this  head- 
ing, since  the  conditions  in  such  ca.se.s  correspond  simply  to  experi- 
mental depression  of  natural  species  or  race  resistance. 

Acquired  Imnmiuty. — It  is  a  matter  of  common  experience  that  many 
of  the  infectious  di.scases  occur  but  once  in  the  same  individual.  This 
is  notably  the  ease  with  typhoid  fever,  yellow  fever,  and  most  of  the 
exanthemata,  and  is  too  genenJ  an  observation  to  require  extensive 
illustration.  A  single  attack  of  any  of  the  diseases  of  this  class  alters  in 
some  way  the  resistance  of  the  individual  so  that  further  exposure  to 
the  uifective  agent  is  usually  without  menace,  either  for  a  limited  period 
after  the  attack,  or  for  life.  Resistimce  acquired  in  this  way  is  often 
spoken  of  as  acquired  immuniti/. 

The  protection  conferred  by  certain  di.seases  against  further  attack 
was  recognized  many  centuries  ago,  luid  there  arc  records  whirh  show 
that  attempts  were  made  in  ancient  China  and  Inrlia  to  inoculate  healthy 
inilividuals  with  [>us  from  small-jKix  pustules  in  the  hope  nf  producing 
by  this  process  a  mild  form  of  the  di.sea.se  and  its  consequent  innminity. 

Pasteur,  before  all  others,  thought  philosophically  about  the  phenom- 
ena of  acquired  immunity,  and,  with  adequate  knowledge,  realized  the 
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possibility  of  artifically  bestowing  immunity  without  inflicting  the 
chuigtTs  of  the  fully  potent  infective  agent.  The  first  observation  which, 
nimle  by  him  purely  uccidentally,  inspired  the  hope  of  the  fu-hievcnient 
of  such  a  result,  occurred  during  his  experiments  with  chicken  cholera. 
The  failure  of  animals  to  die  after  inoculation  with  an  old  culture  of  the 
bacilli  of  chicken  cholera,  fully  putent  but  a  few  weeks  previously, 
pointetl  to  the  attenuation  of  these  bacilli  by  their  prolonge<l  cultivation 
without  tran.splantation.  With  this  ob.'ierv'tttion  as  a  point  of  departure 
he  carried  out  a  series  of  investigations  with  the  purpose  of  discovering 
a  method  of  so  weakening  or  attenuating  various  incilants  of  disease 
that  they  could  be  introduced  into  suseeptibk'  individuals  without  en- 
dangering life  and  yet  without  losing  their  property  of  conferring  pro- 
tection. The  brilliant  results  achieved  by  Jenner,  many  years  before, 
in  protecting  again.st  smallpox  by  inoculating  with  the  entirely  innocu- 
ous products  of  the  pustules  of  cowpox  furnished  an  analogy  which 
gave  much  encouraging  support  to  this  prospect. 

The  experimental  work  which  Pa.stexir  carried  out  to  solve  this  prob- 
lem not  only  rea[X*d  a  rich  harvest  of  facts,  but  gave  to  science  the  first 
and  brilliant  examples  of  the  application  of  exact  laboratorj'  methods  to 
problems  of  immunity. 


ACTIVE   IMMOTflTY 

Active  Artificial  Immimitf. — The  process  of  conferring  protection 
by  treatment  with  either  an  attenuated  form  or  a  sublethal  quantity 
of  the  infectious  agent  of  a  disease,  or  its  products,  is  spoken  of  as  "  active 
immunization." 

Whatever  the  method  employed,  the  immunized  individuals  gain 
their  power  of  resistance  by  the  unaided  reactions  of  their  own  ti.ssues. 
They  themselves  take  an  active  physiologiciil  part  in  the  acquisition  of 
this  new  property  of  immunity.  For  this  reason,  Ehriich  has  aptly 
termed  these  processes  "active  immunization." 

There  are  various  methods  liy  which  this  can  be  accomplished,  all 
of  which  were,  in  actual  application  or  in  principle,  discovered  by 
Pa-steur  and  his  aasoeiates,  and  can  be  best  reviewed  by  a  study  of  their 

iwork. 
I     .\cTrvE  Immunization  with  .Attenuated  Cultures. — In  the  course 
of  his  experiments  upon  chicken  cholera,  as  mentioned  above,  Pasteur  ' 


I  Paateur,  Compt.  rend,  de  I'acad.  dea  aci.,  1880,  t.  xo. 
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accidentally  discovcrpd  that  the  virulence  of  the  bacilli  of  this  disease 
was  greatly  reduced  bj-  prcjltiuged  cultivation  upon  artificial  media. 
This  was  especially  noticeable  in  broth  cultures  which  had  been  stored 
for  long  periods  without  transplantation.  By  repeated  injections  of  such 
cultures  into  fowl,  he  succeeded  in  rendering  the  animals  immune  against 
subsequent  inoculations  with  lethal  doses  of  fully  vindent  strains. 

During  the  same  year,  18S0,  in  which  Pasteur  publi^<hed  his  observa- 
tions on  chicken  cholera,  Toussaint  '  succeeded  in  immunizing  sheep 
against  anthrax  by  inoculating  them  with  blood  from  infected  animals, 
defibrinated  and  heated  to  !i')°  C.  for  ten  minutes.  Toussaint  wrongly 
believed,  however,  that  the  blootl  which  had  Ijeen  u.si'd  in  his  immuniza- 
tions was  free  from  living  bacteria.  In  repeating  this  work  Pasteur 
showed  that  the  protection  in  Toussaint's  cases  was  conferred  l)y  living 
bacteria,  the  virulence  of  which  hail  been  reduced  by  their  suljjection  t« 
heat. 

In  fallowing  out  the  suggestions  offered  by  these  experiments, 
Pasteur*  discovetvd  that  he  could  reduce  the  virulence  of  anthrax 
bacilli  much  more  reliably  than  by  Toussaint's  method,  by  cultivating 
the  organisms  at  increased  temperatures  (42"  to  43°  C).  By  this  process 
of  attenuation  he  was  al>le  to  produce  "vaccines"  of  roughly  measurable 
strength,  with  which  he  succeeded  in  immunizing  sheep  and  cattle. 
A  successful  demonstration  of  his  discovery  was  made  by  him  at  Pouilly- 
le-Fort,  soon  after,  upon  a  large  number  of  animals  and  before  a  commis- 
sion of  professional  men. 

It  is  a  fact  well  known  to  bacteriologists  that  certain  of  the  pathogenic 
microorganisms,  when  pa.s.sed  through  several  individuals  of  the  same 
animal  species,  Iwcome  gradually  more  virulent  for  this  species.  In  his 
studies  on  the  bacillus  of  hog  cholera,  Past<-ur  observ(^d  that  when  this 
microorganism  was  passed  through  the  bodies  of  several  rabbits  it  gained 
in  virulence  for  rabbits,  but  became  leas  potent  against  hogs.  He  suc- 
ceeded, subsequently,  in  protecting  hogs  against  fully  virulent  cultures 
by  treating  them  with  strains  which  had  been  attenuated  by  their 
passage  through  rabbits. 

A  further  principle  of  attenuation  for  purposes  of  immunizction  was, 
at  about  this  time,  eontributeil  by  Chamberland  and  Roux,*  who  re- 


•  TowtsairU.  Coropt.  rend,  de  I'acsd.  dea  sci.,  1880,  t.  xa. 

» Piuleur,  Chan<herland  et  Rous.  Compt.  rer-d.  de  I'acad.  des  ad.,  1881,  t,  xdi. 

»  PaMeuT.  ("ompt.  rend,  de  I'acad.  dea  sci.,  1882,  t.  xcv. 

'  Chamberland  et  Roux,  Compt.  rend,  de  I'acad.  des  sci.,  1882,  t.  xcvi. 
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^^Bured  the  vinilrnre  of  authrax  cultures  by  growing  them  in  the  prpsence 
^■rf  weak  antiseptics  (carlwlic  acid  1  :  tiUU,  potassium  bichromate  1  :  'jjOOO, 
^br  sulphuric  acid  1  :  200).  Cultivated  under  such  conditions  the  bacilli 
last  their  ability  to  fonn  spor.'S  and  became  entitvly  avindent  for  sheeo 
within  ten  liays.  A  similar  result  was  later  obtaineti  by  Behring  '  when 
attenuating  B.  diphtheiiie  cultures  by  the  addition  of  terchlorid  of 
iodin. 

Active  Immunization  WITH  Sublethal  Dosks  of  Fully  Virulent 
Jacteria. — The  use  of  fully  virulent  microorganisms  in  minute 
(luantities  for  purjjosos  of  immunization  was  first  suggested  by  Chau- 
vcau,'  and  is  naturally  inapplicable  to  extremely  virulent  organisms 
like  B.  anthracis.  The  principle,  however,  is  perlectly  valid,  and  hus 
been  experimentally  applied  bj'  many  observers,  notably  liy  Ferran ' 
in  the  case  of  cholera.  A  similar  method  proved  of  practical  value  in 
the  hands  of  Theobald  Smith  and  Ivilborne  *  in  prophylaxis  against  the 
protozoan  disease,  Texas  fever. 
^_  Active  Immunization  with  Dead  Bacteuia. — Suggested  by  Phau- 
0Veau,  the  methoii  of  active  immunization  with  gradually  increasing  doses 
of  dead  inicroorganisnis  has  Lvccn  successfully  employed  by  various  ob- 
8er\'ers,  chief  among  whom  are  Pfciffi.Tr,  Brieger,  W' right,  and  Wasser- 
raann.  The  method  is  especially  useful  against  that  class  of  bacteria 
in  which  the  cell  bodies  (endotoxins)  have  been  found  to  be  incomparably 
laojv  poisonous  than  their  extracellular  products  (toxins).  From  a 
practical  point  of  view,  the  method  is  of  the  greatest  importance  in 
routine  laboratoiy  immunization  against  B.  typhosus,  Vibrio  cholerae 
asiaticjD.  B.  pestis,  ami  a  number  of  other  bacteria.  In  the  therapy 
of  human  diseasi',  this  method  has  recently  come  into  great  prominence, 
chiefly  through  the  work  of  Wright,  whose  investigations  will  be  more 
^^ully  discussed  in  a  subsequent  section. 

^P  Active  Immunization  with  Bacterial  Products. — Many  bacteria 
when  grown  in  fluid  media  produce  extracellular,  soluble  poisons  which 
remain  in  the  medium  after  the  microorganisms  have  been  removetl  by 
filtration  or  centrifugalization.  Since  the  diseases  caused  by  such 
microorganisms  are,  to  a  large  extent,  due  to  the  soliible  poi.sons  excreted 
^^y  tbeui,  animals  can  be  actively  immunized  against  this  class  of  bac- 

^M     >  Behring.  Zeit.  f.  FTyK.,  xii,  1892. 

^^     *Chaureau,  Compt.  rend,  dc  I'acad.  dea  sci..  1881,  t.  xcii. 

f  *  Ferran,  Compt.  rpnd.  do  I'nciul.  dcs  sci.,  1895,  t.  a. 

•  Th.  Smith  and  KHhome,  U.  S.  Dcpt.  of  Agri.,  Bureau  of  Ani.  Induct.,  Wash., 
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teria  by  the  inoculation  of  gradually  inrn-iising  do.si's  of  the  specific 
poison  or  toxin.  This  method  is  nalunilly  most  succi'ssful  agaiu.st  those 
microorganisms  which  possess  the  power  of  toxin  formation  to  a  highly 
developed  degree.  Most  important  among  the.st^  arc  B.  di])htheria) 
and  H.  tetani.  The  first  8ucces.sful  appli<'ation  of  this  pnnciple  of  urtive 
immunization,  however,  was  made  by  Salmon  and  Smith'  in  the  case  of 
hog  cholera. 

PASSIVE    IMMUNITY 

In  Pasteur's  basic  experiments,  as  in  those  of  the  other  scientists  who 
followed  in  his  footsteps,  the  methods  of  immunization  were  based  upon 
the  dcveiopnient  of  a  high  rosistanco  in  the  trr-ated  subject  by  virtue  of 
its  own  physiological  activities.  This  process  we  have  spoken  of  as 
"  active  immunization  "  and  it  is  self-evident  that  a  method  of  this  kind 
can,  in  the  tn-atment  of  disease,  he  employed  prophylactically  only 
against  possible  infection,  or  in  localised  acute  infections,  or  at  the 
beginning  of  a  long  periwl  of  incubation  before  actual  symptoms  have 
appeared,  as  in  rabies  or  in  chronic  conditions  in  which  the  infection  is 
not  of  a  severe  or  acute  nature. 

A  new  and  therapeutically  more  hopeful  direction  was  given  to  the 
study  of  immunity  when,  in  ISM  and  IS92,  v.  Behring  and  his  collabora- 
tors discovered  that  tiie  sera  of  animals  immunized  against  the  toxins 
of  tetanus '  and  of  diphtheria '  bacilli  would  protect  normal  animals 
against  the  harmful  action  of  these  [loisons.  The  animals  thus  pro- 
tected obviou.sly  had  taken  no  active  part  in  their  own  defense,  but 
were  protected  from  the  action  of  the  poison  by  the  substances  trans- 
ferred to  them  in  the  sera  of  the  actively  iimnunized  animals.  Such 
immunity  or  protection,  thercfoa»,  is  a  purely  passive  phenomenon 
so  far  as  the  treated  animal  is  concerned,  and  the  process  is  for  this 
reason  spoken  of  as  "pa.ssive  immunization." 

Passive  immunization  of  this  description  is  practically  applicable 
chiefly  against  diseases  caused  by  bacteria  which  produce  powerfid 
toxins,  and  the  sera  of  animals  actively  immunized  again.st  such  toxins 
are  called  antitoxic  sera.  In  the  treatment  of  the  two  diseases  men- 
tioned above,  diphtheria  and  tetanus,  the  respective  antitoxic  sera  have 


>  Snitnon  and  Smilh.  Rep.  of  Com.  of  .\gri.,  Wnali.,  1885  and  1886. 
'  r.  Behring  and  KitamtJ>.  l)eut.  me«l.  Wocli.,  49,  1890. 
•v.  Behring  aud  Wernicke,  Zeit.  f.  Hvk.,  1892. 
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arhcd  broad  and  boueficial  therapeutic  application,  and  innumerable 
ves  have  been  saved  by  their  use. 
Passive  immunization  against  microorganisms  not  characterized  by 
marked  toxin  formation  was  attem])tt'd,  even  before  Behring's  dis- 
cover\-,  by  Richet  and  Hericourt,'  experimenting  with  cocci,  and  by 
Babojj,*  in  the  case  of  rabies;  and  the  vuiderlying  tliought  liad  been  the 
l>asis  of  Toussaint's  work  uj^on  anthrax.  Microorganisms,  however, 
whicli  exert  their  harmful  action  rather  by  tiie  contents  of  the  bacterial 
cells  than  by  secn'ted,  soluljle  toxins,  do  not,  so  far  as  is  known,  pro- 
duce antitoxins  in  the  sera  of  immunized  animals.  The  substances 
which  they  call  forth  in  the  process  are  directed  against  the  invading 
irganisms  themselves  in  that  they  possess  the  power  of  destroying  or 
of  causing  dissolution  of  the  specific  genns  used  in  their  production. 

Such  antibacterial  sera  are  extensively  used  in  the  laboratory  in  the 
passive  iinmunization  of  animals  against  a  large  number  of  germs,  and 
an-  fairly  effectual  when  u.s<'d  iM'fore,  at  the  same  time  with,  or  soon  after, 
infection.  Their  therapeutic  use  in  human  disease,  however,  has,  up 
to  the  pre.sent  time,  been  disappointing  and  their  [jrophyiactic  and  cura- 
ve  action  has  lxH?n  almost  invariabl\'  incfTeetual  or  feeble  at  best,  e.x- 
pt  when  the  antibacterial  sera  could  be  biought  in  direct  contact 
ith  the  gemis,  in  closed  cavities  or  localized  lesions.  Thus,  in  epidemic 
meniiigitis,  such  sera  have  proved  exti-emely  useful  in  the  hands  of 
Flcxner,  when  injected  directly  into  the  spinal  canal. 

ANTIBODIES  AND  THE  SUBSTANCES  OIVINa  RISE  TO  THEM 

In  the  foregoing  sections  we  have  seen  that  the  process  o*  active 
immunization  so  changes  the  animal  bwly  that  it  becomes  highly 
resistant  again.st  an  infection  to  which  it  ha<l  formerly  in  many  in- 
stances bcx-n  delicately  su.sceptible.  In  the  absence  of  visible  anatomical 
or  histological  changes  accompanying  the  acquisition  of  this  new  power, 
investigators,  in  order  to  account  for  it,  were  led  to  examine  the  physio- 
logical properties  of  the  lx>dy  cells  and  fluids  of  immunized  subjects. 
\\Tiilc  it  was  reasonable  to  suppose  that  all  the  cells  and  tissues  were 
affected  by,  or  might  have  taken  part  in,  a  jihysiological  change  so 
profoundly  influencing  the  imiividual,  the  blood,  because  of  its  unques- 
tionably close  relation  to  iidlammatory  reactions,  and  because  of  the 

» Rifhet  et  Herifvurt,  Compt.  rend,  de  I'acad.  dea  8ci.,  1888. 
•  Babes  et  Ijrpp,  Ann.  de  I'inst.  Pasteur,  1889. 
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ease  with  which  it  foukl  be  obtained  ami  studied,  claimed  the  first 
and  closest  uttciUion.  The  bactericidal  properties  of  nornml  blood 
serum  noted  in  IS8G  by  Nuttall,'  v.  Fodor,'  and  Fliigge,  moreover,  aided 
in  pointing  to  this  tissue  as  primarily  the  seat  of  the  immunizing 
agents.  It  is  an  interesting  historical  fact,  that,  long  before  this  time, 
the  English  physician  Hunter  liad  noted  that  blood  did  not  decompose 
80  rapidly  as  other  animal  tissues. 

The  study  of  the  blood  sc-mui  of  unmunized  animals  as  to  .simple 
changes  in  chemical  comjjosition  or  physical  properties  has  shed  little 
light  upon  the  .subject.  Beljaeff  *  in  a  recent  investigation  found  tittle 
or  no  alteration  from  the  normal  in  the  bloud  sera  of  inmuinized  animals 
as  to  index  of  refraction,  specific  gravity,  and  alkahnity.  Joachim  *  ami 
Moll  agree  in  stating  that  imiiuine  blood  senmi  is  comparatively  richi-r 
in  globulin  than  normal  scrum.  Similar  obj^ervations  liad  been  made 
by  Hiss  and  .Vtkiiuson  ^  and  other,-*.  Important  anil  significant  as  these 
purely  chemical  observations  are,  they  have  helped  little  in  explaining 
the  nature  of  the  processes  going  on  in  immune  sera.  The  first  actual 
light  was  thrown  upon  the  mysterious  phenomena  of  immunity  by 
the  investigations  of  Nuttall,"  v.  Fodor,  Buchner,  and  others,  who  not 
only  demonstrated  the  power  of  normal  blood  ser\im  to  ilestroy  bacteria, 
but  also  showed  that  this  property  of  blood  serum  became  diminished 
with  age  and  was  destroyed  completely  by  heating  to  56°  C.  The 
thcnnolabile  substance  of  the  blood  serum  possessing  this  power  was 
called  by  Buchner,'  cdexin. 

Soon  after  this  work,  Behring,  in  collaboration  with  ICitasato  *  and 
Wernicke,'  in  lS9fl  and  1.S92,  made  further  important  advances  in  the 
elucidation  of  the  immunizing  processes  by  showing  that  the  blood  sera 
of  animals  actively  immunized  against  the  toxins  of  diphtheria  and  tet- 
anus wouUl  protect  normal  animals  against  the  poisons  of  these  di.^ases. 
He  Ijelieved,  at  the  time  of  di.scovery,  that  such  sera  contained  substancea 
which  had  the  power  of  destroying  the  specific  toxins  which  had  been 
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used  in  the  immunization.  He  called  these  bodiea  antitoxins.  WTiile 
Behring's  first  conception  of  actual  toxin  tlestruction  soon  proved  to 
be  erroneous,  his  discover)'  of  the  presence  in  iinniuiie  sera  of  Iwdies 
specifically  antagonistic  to  toxins  was  soon  confirmed  and  extended, 
and  stands  to-day  as  an  estahlislied  fact. 

Ehrlich,'  soon  after  Behring's  announcement,  showed  that  specific 
antitoxins  could  also  be  produced  against  the  poisons  of  some  of  the 
higher  plants  (antiricin,  antikrotin,  antirobin),  and  Calmette'  produced 
similar  antitoxins  against  snake  poison  (antivenin).  Stimulateil  by  these 
researches,  other  observers  have,  since  then,  added  extensively  to  the 
list  of  poisons  against  which  antitoxins  can  be  produced.  Kempner* 
has  produceil  antitoxin  against  the  poison  of  Bacillus  botulinus,  and 
Wassermann,*  against  that  of  Bacillus  pyocyaneus.  Antitoxin  has  been 
produced  by  Calmette '  against  the  poison  of  the  .scorpion,  and  by  Sachs  • 
against  that  of  the  spider.  Thus  a  large  number  of  poisons  of  animal, 
plant,  or  bacterial  origin  have  been  found  capable  of  causing  the  pro- 
duction of  specific  antibodies  in  the  sera  of  animals  into  which  they  are 
injected. 

The  formation  of  antitoxins  directed  against  soluble  poisons,  how- 
ever, did  not  explain  the  immunity  acquired  by  animals  against  bacteria 
like  Bacillus  anihracLs,  the  cholera  vibrio,  and  others  which,  unlike  diph- 
theria and  tetanus,  produced  little  or  no  soluble  toxin.  It  was  evident 
that  the  antitoxic  property  of  immime  Vilood  seniin  was  by  no  means 
the  sole  cxpres.«ion  of  its  protective  powers.  Much  light  was  shed  upon 
this  phase  of  the  subject  by  the  discoveries  of  Pfeiffer  in  1894,  who 
worked  along  the  lines  suggested  by  the  investigations  of  Nxittall  and 
Buchner.  Pfeiffer'  8howe<l  timt  when  cholera  spirilla  were  injected  into 
the  peritoneal  cavity  of  cholera-immune  guinea-pigs,  the  microorganisms 
rapidly  8welle<l  up,  became  granular,  and  often  underwent  complete 
solution.  The  same  phenomenon  could  be  ob^Tved  when  the  bacteria 
were  injected  into  a  normal  animal  together  with  a  sufficient  quantity 
of  cholera-immune '  serum. 


"  Ekrlich,  Dcut.  nie«l.  VVoch..  1891. 
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This  process  he  observed  microscopit-ally  by  abstracting,  from  time 
to  time,  a  small  quantity  of  the  peritoneal  exudate  and  studying  it  in 
hangingnlrop  preparations.  The  reaction  was  specific  in  that  the  de- 
structive process  took  place  to  any  marke<l  extent  only  in  the  case  of  the 
bacteria  employed  in  the  imnmni/.ation. 

MetchnikofT,'  Bordet,  and  others  not  oidy  confirmed  Pfeiffer's  obser- 
vation, but  were  able  to  show  that  the  lytic  process  would  take  place 
in  vitro,  as  well  as  in  the  animal  body.  The  exi.stonce  of  a  specific 
destructive  process  in  immune  scrum  was  thus  establi.shed  for  the  vibrio 
of  cholera  and  soon  extended  to  other  microorganisms.  The  constitu- 
ents of  the  blood  serum  which  gave  rise  to  this  destructive  phenomenon 
were  spoken  of  as  bacteriolysins. 

Following  closely  upon  the  heels  of  Pfeiffer's  observation  came  the 
discowrj'  of  another  specific  property  of  immune  serum  by  Gruber  and 
Durham.'  These  workers  noticed  that  certain  bacteria,  when  brought 
into  contact  with  the  serum  of  an  animal  immunixed  against  them, 
were  clumped  together,  deprived  of  motility,  and  firmly  agglutinated. 
They  spoke  of  the  phenomenon  as  agglutination  and  of  the  substances 
in  the  senim  giving  rise  to  it  as  agglutinirut. 

The  list  of  antibodies  was  again  enlarged  by  Kraus,'  who  in  1897 
showed  that  precipitates  were  formed  when  filtrates  of  cultures  of 
cholera,  typhoid,  and  plague  bacilli  were  mixed  with  their  specific 
imnmne  sera.  He  called  the  substances  which  bestowed  this  property 
upon  the  sera  precipiiins. 

The  treatment  of  the  animal  body,  therefore,  with  bacteria  or  their 
products  gives  rise  to  a  variety  of  reactions  which  result  in  the  presence 
of  the  "  antibotlies  "  described  alx>ve.  Extensive  investigation  has  showTi, 
however,  that  the  power  of  stimulating  antitwdy  production  is  a  phe- 
nomenon not  limited  to  bacteria  and  their  products  alone.  Antitoxins, 
we  have  already  seen,  may  be  produced  with  a  variety  of  poisons  of 
plant  and  animal  origin.  Lysina,  agglutinins,  and  precipitin.s,  likewise, 
may  be  produced  In'  the  ^tse  of  a  large  number  of  different  substances. 
Chief  among  these,  l>ecause  of  the  great  aid  they  have  given  to  the  theo- 
retical investigation  of  the  phenomena  of  immunity,  arc  the  red  blood 
cells.   Bordet  *  and,  independently  of  him,  B<^lfanti  and  Carbone  *  showed 

'  Metrhnikoff,  Ann.  de  Tinst.  Pasteur.  1S95. 

'  Gruber  irnd  Durham,  Munch,  med.  Woch.,  1896. 

'  Kraut,  R.,  Wien.  klin.  Woch.,  32,  1897. 

•  Bnrdei,  Ann.  de  I'inst.  Pasteur,  1898. 

•  Bel/anti  et  Carhone,  Giomale  della  R.  Acad,  di  Torino,  July,  1898. 
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in  1898  that  the  serum  of  animals  rcpoatcdiy  injected  with  the  defibri- 
natwl  blood  of  another  species  exhibited  the  specific  power  of  disHolving 
the  re<l  blood  corjjuscles  of  this  sjiecies.  This  was  the  firet  demonstration 
of  "hemolysis" — a  plienomenon  which,  because  of  the  ease  with  which 
it  can  l)e  obser\'ed  in  vitro,  has  much  facilitated  investigation. 

The  knowledge  that  specific  "cytotoxins"  or  eell-destroying  anti- 
bodies could  be  produced  by  injection  of  red  blood  cells  naturally  sug-. 
gestc<l  the  ix)ssibility  of  analogous  reactions  for  other  tissue  cells.  It 
was  not  long,  therefore,  before  Metchnikoff '  and,  independently  of 
him,  Landstciner '  succeeded,  by  repeated  injections  of  spermatozoa,  in 
pro<lucing  a  serum  which  would  seriously  injure  the.se  specialized  cells. 
Von  Dungem  '  obtained  similar  results  with  the  ciliated  epithelium  of 
the  trachea.  Since  then  a  host  of  cytotoxins  have  been  produced  with 
the  cells  of  various  organs  and  tissues.  Thus,  Neisser  and  Wechsberg  ' 
produced  leucotoxin  (leucocytes);  Delezcime,'  neurotoxin  and  hepa- 
totoxin;  Surmont,*  pancreas  cj-totoxin;  and  Bogart  and  Bernard,' su- 
prarenal eytotoxin. 

One  of  the  most  interesting  of  the  cytotoxins,  moreover,  is  nephro- 
toxin — pnwluced  by  the  treatment  of  animals  with  injections  of  emul- 
sions of  kidney  tissue. 

In  all  cases  it  was  supposed  by  those  first  working  with  these  bodies, 
that  the  injection  of  the  sera  of  animals  previously  treated  with  any 
particular  ti.ssue  substance  would  produce  specific  injury  upon  the  or- 
gans homologous  to  the  oues  used  in  immunization.  It  need  hardly  be 
pointed  out  how  veiy  important  such  phenomena  would  bo  in  throwing 
light  upon  the  degenerative  pathological  lesions  occurring  in  ilisease. 
As  a  matter  of  fact,  however,  sera  .so  produced  have  been  shown  to  be 
specific  for  certain  organs  in  a  limited  sense  only.  The  question  of 
rfpecific  cytoto.xins  has  been  of  especial  importance  in  the  case  of 
nephritis,  where  .\scoli  and  Figari  *  and  others  have  suggested  an 
autonephrotoxin  as  the  basis  of  the  pathology  of  this  disease.  In 
the  hands  of    Pearce    and  others,  however,  the  strict  specificity  of 

'  Afetchnikoff,  Ann.  de  rinst.  Pasteur,  1898. 
«  LamlMfiner,  C«nt..  f.  Bakt..  i,  25,  1899. 

*  I'.  Oungem,  Miinch.  ine<I.  Woch.,  1899. 

*  Nrister  und  WerJuiberg.  Zcit.  f.  Hyg..  .xxxvi,  1901. 

'  DeUzenne,  Ann.  de  I'inst.  Paat.  1900;  Compt.  rend,  de  I'acad.  des  sci.   1900. 

*  Surmoni,  Compt.  rend,  de  la  soc.  de  biol.,  1901. 
'  Bogart  et  Bernard,  ibid.,  1891. 

»  AmxAi  and  Figari,  Berl.  klin.  Woch.,  1902. 
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nephrotoxin  could  not  be  upholil  ami  the  subject  is  still  in  the  ex- 
perimcntiil  stage. 

Recent  experiments  by  Pearce  '  suggest  that  at  least  a  part  of  thn 
local  injury  to  organs  excrUnl  by  such  "cytotoxic"  sera  may  not  be 
due  to  a  specific  action  upon  the  oi'gan  cells  so  much  as  upon  the 
hemagglutinating  action  of  the  sera  causing  embolism  ami  necrosis. 

It  is  a  fact  also  that  most  cjiotoxic  sera  arc  usually  hemolytic  as 
well.  It  is  not  easy  to  decide,  therefore,  how  much  of  the  action  upon 
the  organs  is  due  to  their  true  cytotoxic  properties  and  how  much  is 
attributable  to  the  concomitant  action  upon  blood  cells.  The  extrav- 
agant hopes  at  lirst  based  upon  cytotoxin  investigation,  especially  in 
regard  to  the  problem  of  malignant  tumors,  have  been  disappoinleil, 
and  much  is  stUl  obscure  in  regard  to  the  cjrtotoxins  which  calla  for 
further  research. 

The  many  points  of  similarity  existing  between  bacterial  toxins  and 
dige.stive  ferments,  by  animal  inoculation,  suggested  to  ."cveral  ob.serv- 
ers  the  possibility  of  producing  antibodies  against  the  latter.  .\s  a 
result,  a  number  of  antiferments  have  been  obtained,  chief  among  which 
arc  antilab  (.Morgenroth '),  antipepsin  (Sachs '),  antisteapsin  {Schutze '), 
and  antilactasc  (Schiitze). 

The  stimulation  of  antibody  formation  in  the  sera  of  animals  is  a 
consequence,  therefore,  of  the  injection  of  a  large  variety  of  substances- 
some  of  them  poisonous,  .some  of  them  entirely  innocuous.  The  sul)- 
stance^  possessing  this  power  have  been  conveniently  nametl  antigetut  or 
antibodii-l>roductrs  by  (Sennan  writers.  The  tenn  nriligcn — though  ety- 
mologically  wrong,  nevertheless  is  convenient  ami  has  ci*ept  into  genenil 
usage.  It  signifies  simply  a  substance  which  can  stimulate  the  pro- 
duction or  formation  of  an  antibody.  Such  substances,  so  far  as  is 
known,  heUmg  to  the  group  <if  proteins  and  are  derivatives  of  animal  or 
plant  tissues.  Being  proteins,  all  antigens  are  colloids.  Recently,  how- 
ever, some  crystalloidal  substances  have  been  described  as  possessing 
antigenic  properties. 
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The  Toxin-Antitoxin  Reaction. — Apart  from  the  therapeutic  possi- 
bilities disclosed  by  the  discovery  of  antitoxias,  new  light  of  inestimable 
value  was  thrown  by  these  observations  upon  the  biologifal  processes 
involved  in  immunization.  The  most  vital  problem,  of  course,  which 
immediately  thrust  itself  upon  all  workers  in  this  field  was  the  question 
as  to  the  nature  of  the  reaction  in  which  toxin  was  rendered  innocuous 
by  antitoxin. 

The  simplest  conception  of  this  process  w(juld  be  an  actual  destruction 
of  the  toxin  by  its  specific  antitoxin,  and  i!  is  not  unnatural,  therefore, 
that  this  was  the  view  which,  for  if  shijrt  time,  found  favor  with  some 
observers.  Roux,  and  more  particularly  Buchncr,'  however,  under  the 
sway  of  cellular  pathology,  ailvanccd  the  opinion  that  the  antitoxins 
in  some  way  infiuenced  the  tissue  cells,  rendering  them  more  resistant 
against  the  to.xins.  Antitoxin,  acconling  to  this  theorj-,  did  not  act 
directly  upon  toxin,  but  affected  it  indirectly  through  the  mediation 
of  tissue  cells.  Ehrlich,'  on  the  other  hand,  conceived  that  the  reac- 
tion of  toxin  and  antitoxin  was  a  diifct  union,  analogous  to  the  chem- 
ical neutraHzation  of  an  acid  by  a  base — an  opinion  in  which  Behring 
soon  joined  him. 

The  conception  of  toxin  destruction  received  unanswerable  refuta- 
tion by  the  experiments  of  Calmette.'  This  observer,  working  with  snake 
p<ji8on,  found  that  the  poison  itself  (unlike  most  other  toxin.s)  possessed 
the  property  of  resisting  heat  even  to  100°  C,  while  its  specific  anti- 
toxin, like  other  antitoxins,  was  delicately  themiolabile.  He  noted, 
furthermore,  that  non-toxic  mixtures  of  the  two  substances,  when  sub- 
jected to  heat,  regained  their  toxic  properties.  The  natural  inference 
from  the.se  ob8er\'ations  could  only  be  that  the  toxin  in  the  original  mix- 
ture had  not  been  tlestroycd,  but  had  been  merely  inactivated  by  the 


•  Buchnrr,  "  .'^chiit/.impfung,"  etc. .  in  Penzoldt  u.  Stinzing,  "Handbuch  d.  apez. 
Tbcrap,  d.  Infcktkmnk,"  1894. 
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presence  of  the  antitoxin,'  and  again  sot  free  after  destrurtion  of  the 
antitoxin  by  heat.  A  siniilar  observation,  made  soon  after  by  AN'asscr- 
niann  '  in  the  case  of  pyocyaneus  toxin  and  antitoxin,  fully  supported 
the  results  of  (lalmettc. 

An  ingenious  proof  of  the  direct  action  of  antitoxin  upon  toxin 
was  obtained  by  Martin  and  Cherry.'  It  was  found  by  them  that  veiy 
dense  filters,  the  pores  of  which  had  been  filled  with  gelatin,  permitted 
toxin  to  pass  through  under  high  pressure,  while  the  presumably  larger 
antitoxin  molecule  was  held  baek.  Through  such  filters  they  forced 
toxin-antitoxin  mixtures,  under  a  pressure  of  fifty  atmospheres,  at  vary- 
ing inten'aJs  after  mixing.  They  found  that,  if  filtered  inmiediatelj-, 
all  the  toxin  in  the  mixtures  came  through,  but  that,  as  the  interval 
elapsing  between  mixing  and  filtration  was  prolonged,  le.ss  and  less  toxin 
appeared  in  the  filtrate,  until,  finally,  two  hours  after  mi.xing,  no  toxiji 
whatever  passt^l  tliro\igh  the  filter.  Besides  demonstrating  the  direct 
action  of  antitoxin  upon  toxin,  this  work  of  Martin  and  Cherry  showed 
that  the  element  of  time  entered  into  the  toxin-;uitito\in  reaction,  just 
as  it  enters  into  reactions  of  known  chemiciil  nature.  The  absolute  non- 
participation  of  the  Jiving  tissue  cells  in  these  reactions  was  demonstrated 
by  Ehrlich  himself.  Kobert  and  Stillmarck  '  had  shown  that  ricin  pos- 
sessed the  power  of  causing  the  red  blood  cells  of  defibrinattd  blood  to 
agglutinate  in  solid  clumps,  a  reaction  which  could  easily  be  observed 
in  tritro.  Ehrlich,*  who  had  obtiuned  antiricin  in  1891  by  injecting 
rabbits  Avith  increasing  doses  of  ricia,  founil  that  this  antiljody  jx)s- 
sessed  the  power  of  preventing  the  hcmagglutinating  action  of  ricin 
in  the  test  tube.  By  a  series  of  quantitatively  graded  mixtures  of  ricin 
and  antiricin,  with  red  blootl  cells  as  the  indicator  for  the  reaction,  he 
succeeded  in  proving  not  only  that  the  toxin-antitoxin  neutralization 
was  in  no  way  dependent  upon  the  living  animal  body,  but  that  definite 
quantitative  relations  existed  between  the  two  substances  entirely 
analogous  to  those  which,  acconling  to  the  law  of  multiple  proportions, 
govern  reactions  between  different  substances  of  known  chemical 
nature.  Similar  quantitative  results  were  subsequently  obtained  by 
Stephens  and  Myers '  for  cobra  poison  and  its  antitoxin,  by  Kossel  * 

•  Wfusermann,  Zcit.  f.  Ilyg.,  xxfi,  1896. 
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^tho  toxic  ccl  blood  sorum,  and  by  Ehrlii-h  '  for  the  hemolji.ic  tetanus 
poison  known  as  tetanolysin. 

The  introduction  of  the  test-tube  experiment  into  the  investigation 
of  these  reactions  permitted  of  mufh  more  exact  obaei-vations,  and  by 
this  means,  as  well  as  by  careful,  quantitatively  graded,  animal  experi- 
ments, the  further  facts  were  ascertained  that  toxin  and  antitoxin  com- 
bined more  speedily  in  concentrated  than  in  dilute  solutions,  and  that 
warmth  hastened,  while  cold  retarded,  the  reaction — observations  * 
which  in  every  way  seem  to  bear  out  Ehrlich's  conception  of  the  chemi- 
cal nature  of  the  process. 

Ehrlich's  Analysis  of  Diphtheria  Toxin. — Shortly  after  the  discovery 
and  therapeutic  application  of  diphtheria  antitoxin,  it  became  apparent 
that  no  two  sera,  thouph  similarly  produced,  coidd  have  exactly  the 
same  protective  value.  It  was  noccssarj',  therefore,  to  et-tablish  some 
measure  or  standard  by  which  the  approximate  strength  of  a  given  anti- 
toxin could  be  estimated.  Von  Behring '  attempted  to  do  this  for 
both  tetanus  and  diphtheria  antito.xins  by  determining  the  quantity  of 
immune  sera  which,  in  each  case,  .was  needed  to  prot<?ct  a  guinea-pig  of 
knowii  weight  against  a  definite  close  of  a  standard  poison.  He  ascer- 
tained the  quantity  of  standard  toxin-bouillon  which  would  suffice  to  kill 
a  guinea-pig  of  250  grams,  and  called  this  quantity  the  "toxin  unit." 
This  unit  was  later  more  exactly  limited  by  Ehrlieh,  who,  considering 
the  element  of  time,  stated  it  as  the  quantity  sufficient  to  kill  a  guinea- 
pig  of  the  given  weight  in  from  four  to  five  days. 

Appropriating  the  tenninology  of  chemical  titration,  v.  Behring 
spoke  of  a  toxin-bouillon  %vhirh  contained  one  hundred  such  toxin  units 
in  a  cubic  centimeter,  as  a  "normal  toxin  solution"  ("  DTN^  M"""), 
and  designated  as  "  normal  antitoxin  "  a  serum  capable  of  neutraliz- 
ing, ctdiic  centimeter  for  cubic  centimeter,  the  normal  poison.*  A  cubic 
centimeter  of  such  an  antitoxic  serum  was  sufficient,  therefore,  to  neu- 
tralize one  hundred  toxin  units,  and  was  .spoken  of  as  an  "antitoxin 
unit."  In  the  experiments  of  v.  Behring,  toxin  and  antitoxin  had  l)een 
eeparatel}'  injected.  Ehrlieh "  improved  upon  this  methotl  by  mixing 
toxin  and  antitoxin  before  injection,  thereby  obviating  errors  arising 

•  Ehrlieh.  Berl.  klin.  Woch.,  180S. 
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from  difTorcncea  which  may  have  existed  in  the  depth  of  injectioi 
rapidity  of  absorption. 

In  order,  however,  that  any  such  method  of  standardization  of  an- 
titoxin may  be  practically  applicable,  it  is  necessary  to  proiluce  either 
a  stable  toxin  or  an  unchangeable  antitoxin.  This  Ehrlich  achieved  for 
antitoxin  by  drj'ing  antitoxic  scrum  in  vacuo  and  preserving  it  in  the 
dark,  at  a  low  temperature  and  in  the  pre^ience  of  anhydrous  phosphoric 
acid.  By  the  use  of  such  a  stable  antitoxin,  various  toxiiLs  may  be 
measured  and  other  antitoxic  sera  estimated  against  these. 

Given  thus  a  constant  antitoxin,  the  standanlization  of  toxins  would 
be  a  comparatively  simple  matter  were  the  poison  obtainable  in  a  per- 
fectly pure  state.  Unfortunately  for  the  ease  of  mea.surement,  how- 
ever, this  is  not  the  case.  The  problpra  is  rendered  difficult  by  a  number 
of  complicating  factors,  many  of  which  have  been  brought  to  light  by 
Ehrlich  '  in  his  laborious  researches  into  the  quantitative  relationship 
between  the  two  reacting  bodies. 

As  previously  stated,  it  had  been  noted  by  Ehrlich  and  others  that 
toxin  solutions  would  deteriorate  with  time;  that  is,  a  toxin-bouillon 
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which  wa3  found  soon  after  production  to  contain,  say,  eighty  toxin 
units  in  each  cubic  centimeter,  would,  after  four  or  five  mouths,  be  found 
to  contain  but  forty  units  in  the  same  gross  quantity.  It  had  lost,  there- 
fore, in  this  case,  just  one-half  of  its  toxic  power.  In  spite  of  this  loss, 
however,  Ehrlich  found  that  such  bouiUon  hatl  retained  its  full  original 
power  of  neutralizing  antitoxin.  If  the  reaction  was  purely  one  of 
chemical  neutralization,  there  seemed  to.lx>  but  one  explanation  of  this. 
The  toxin  molecule  must  contain  two  separate  atom  groups.  One  of 
these  must  possess  the  power  of  binding  antitoxin  and  be  stable;   this 
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'designates  as  the  "haptophore"  or  "am-horing"  group.  The  other, 
the  one  by  which  the  toxin  molecule  exerts  tU  deleterious  action,  must 
Ixi  more  easily  changed  or  destroyed;  this  he  calls  the  "  toxo|)hore  " 
or  '■  poison  "  group.  In  the  altered  toxin-bouillon  in  \vhi<-h  a  part  of 
the  poi.'fonous  action  has  been  lost  while  the  antitoxin-neutralizing  power 
is  intact,  the  toxophore  group  of  some  of  the  toxin  must  have  been 
change<l  or  destroyed.     Such  altered  toxin  he  speaks  of  as  "toxoid." 

In  support  of  this  hypothesis  and  for  the  purpose  of  perfecting  the 
methods  of  standardization,  Ehrlich  was  led  to  determine,  for  a  hirge 
variety  of  specimens  of  diphtheria  toxin,  the  precise  quantity,  in 
cubic  centimeters,  which  was  necessarj-  to  neutralize  exactly  one  iniit 
of  his  standard  antitoxin.  This  he  acconiplLshod  l)y  making  a  series  of 
to.xin-antitoxin  niixtures,  in  each  of  which  the  quantity  of  antitoxin 
was  exactly  one  unit,  while  the  amount  of  toxin  was  gradually  jncren.sed. 
Those  mixtures  were  injcr'ted  into  guinea-pigs  of  2.10  grams  weight. 
It  ia  self-evident  that  in  such  an  experiment  the  mixtures  containin3 
the  smaller  quantities  of  toxin  would  have  no  effect  upon  the  guinea- 
pigs.  Soon,  however,  a  mixture  would  be  reached  in  which  toxin  would 
be  sufficiently  in  excess  of  antitoxin  to  produce  the  symptoms  of  slight 
jxiisoning,  as  evidenced  in  local  edema,  rise  of  temperature,  etc.  The 
largest  quantity  of  toxin  which  coultl  be  added  without  producing  .^luch 
symptoms  was  then  regarded  as  exactly  neutralizing  one  antitoxin  unit. 
This  quantity  of  toxin  Ehrlich  speaks  of  as  "  Limes  zero "  (Limes  = 
threshold)  or,  briefly,  "  L^." 

For  instance: 

One  antitoxin  unit  +  0.6  c.c.  toxin No  symptoms  of  poisoning. 

0.8  c.c 

"  "  "         0.9  c.c "         "  "  " 

tt  II  II  Ice  "  "  "  " 

"  "  "  1.1  c.c Local  edema.    Paralysis  in  30  days. 

"  "  "  1.2  CO Death  in  10  days. 

In  this  example,  L^,  therefore,  equals  1  c.c. 

It  is  obvious,  however,  that  because  of  the  great  difficidty  in  esti- 
mating the  very  slightest  evidences  of  toxic  action  in  guinea-pigs,  a 
more  exact  method  of  standardizing  the  poisons  again.^ft  antitoxin 
would  be  to  determine  how  much  toxin  would  be  required  to  neu- 
tralize one  antitoxin  unit  and  still  be  sufficiently  in  excess  to  cause 
the  death  of  a  guinea-pig  of  2.")0  gi'ams  in  four  to  five  days.  This  would 
then  correspond  to  the  action  of  one  toxin  unit,  unmixed  with  antitoxin. 
.4  priori  it  would  seem  that  this  value  (expressed  by  EhrEch  as  "  Limes 
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death  "  or  "  L^)  must  simply  be  L,,  plus  one  toxin  unit.  This,  howe 
was  found  not  to  be  the  ease.  Thu.s,  in  the  example  given,  in  which 
(the  toxin  unit — the  quantity  of  the  bouillon  killing  a  guinea-pig  of  2  JO 
grams  in  four  to  five  days)  was  equal  to  O.Olc.e.,  L^  (the  quantity  of 
toxin  completely  neutralizing  one  antitoxin  unit)  was  found  to  be  1  c.c. 
or  100  T.  In  this  same  poison,  however,  L^.  (the  quantity  of  toxin  neces- 
sary both  to  neutralize  one  antitoxin  unit  and  yet  to  be  sufficiently  in 
excess  of  neutralization  to  kill  a  guinea-pig  of  250  grams  in  four  or  five 
days)  was  not  found  to  be  merely  L^  +  IT;  but  on  actual  experi- 
ment provetl  to  be  Lq  +  101  T. 

Expressed  graphically,  the  conditions  may  be  stated  aa  follows: 

r—  .01  c.c.  of  tlie  toxin  tjouillon. 

£»+  (neutral,  of  1  antitox.  unit  yet  killing  1  pig)   =  2.01  c.c.  or  201  T. 

La    (complete  neutral,  of  1  aiititox.  unit}  =1.     c.c.  or  100  T. 

Difference  -  1.01  c.c.  or  101  T. 

Ehrlich,  at  first,  endeavored  to  explain  this  surprising  phenomenon 
on  the  basis  of  toxoids.  He  argued  that  the  toxoiits  formed  by  de- 
terioration of  to.vin  might  be  conceived  as  possessing  three  diffeivnt 
degrees  of  affinity  for  antitoxin.  If  .their  affinity  for  antitoxin  were 
eipial  to,  or  more  marked  than,  that  of  the  toxin  itself,  they  could  have 
no  influence  upon  the  dose-  L.^  .  If,  however,  their  affinity  for  antito.xin 
were  weaker  than  that  of  io'xm,  each  fresh  toxin  unit  added  to  the  do.sc 
L„  would,  first  uniting  with  antitoxin,  n'place  a  corresponding  (]U:m- 
tity  uf  the.se  nontoxic  sub.stiuices  of  weaker  affiuitj',  and  L^  wouUI 
be  reached  only  after  all  of  these  "  epito-xoids,"  as  Ehrlich  called  them, 
had  been  replaced,  and  to.xin  became  free  in  the  mLxture. 
Thus,  in  analyzing  our  example,  we  have: 

100  tox.-antitox.  +  100  epitox.-antitox.  =  Lq  ; 
add   1  T,  and  we  have  lOt  tox.-antit<JX.  +  99  epitoxoid-antitoxin  +  1  cpitoxoid  free; 
add  101  T  and  we  have  200  toxin-antitoxin  +  ICKJ  epitoxoid  free  +1  T  free  —  L  +  . 

Tw^o  facts,  however,  led  Ehrlich  to  abandon  the  opinion  that  epi- 
toxoid was  merely  a  variety  of  toxoid.  He  found,  in  the  first  place, 
that  the  stated  relations  between  Ij^  and  L^.  were  true  for  perfectly, 
fresh  toxin-bouillon  in  which  little  or  no  di'torioration  had  taken  place. 
He  observed,  furthermore,  that  in  old,  atteret!  toxin  bouillon,  while 
T  was  very  much  aflfectcd,  the  quantity  needed  to  kill  a  pig  con- 
stantly increasing,  and   the  number  of   actual  fatal  doses  in  Lq  cod- 
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^sttuitly  decreasing  (by  reason  of  toxoid  formation),  L^  remained 
practically  unchanged, 

Simply  stated,  this  means  that  the  epitoxoids  or  substances  which 
have  weaker  affinity  for  antitoxin  than  toxin  itself  are  alrevly  present 
in  fresh  bouillon  and  arc  not  inriicased  with  time.  For  this  reason, 
Ehrlich  has  separated  these  substances  from  toxoids.  He  caUs  them  "  tox- 
on"  and  believes  them  to  Iw,  like  toxin,  {jrimiiry  Kprretorj'  products  of 
the  diphtheria  bacilli.  The  toxoids  themselves,  Ehrlich  believes,  are  of 
two  kinds,  those  with  a  stronger  affinity  for  antitoxin  than  toxin  it- 
self (protoxoids) ,  and- those  whoso  afliiuty  for  antitoxin  is  equal  to  that 
of  toxin.    These  latter  he  calls  "syntoxoids." 

The  toxon  (epitoxoid  originally) ,  as  Ehrlich  believes,  has  a  hapto- 
phore  or  "binding"  group  similar  to  that  of  to.xin,  but  a  different 
toxophore  or  "  poisoning "  group.  Qualitatively  it  has  been  shown 
to  differ  from  toxin  in  that,  lacking  the  power  to  produce  acute  symp- 
toms, it  cau.ses  gradual  emaciatioK  ami  paresis  in  animals. 

That  this  difference  in  the  jioisonou.'^  action  of  to.xin  and  toxon 
is  not  merely  a  quantitative  diffeit'nce,  referable  to  small  quantities  of 
toxin,  was  proved  by  Dreyer  and  Madscn,'  who  .showed  that  if  they  made 
a  toxin-antitoxin  mixture  in  which  after  injection  the  only  evidence  of 
incomplete  neutralization  lay  in  the  emaciation  and  final  paralysis  of 
the  test  animals,  the  quantity  of  such  a  mixture  could  be  increased 
five-  and  tenfold,  without  producing  the  true  toxin  symptoms  in  ani- 
mals. These  authors,  too,  claim  ti)  have  been  able  to  immunize  against 
toxin  with  such  mixtures,  thereby  proving  the  identity  of  the  haptophore 
groups  of  the  two  substances.  The  importance  of  this  observation  will 
become  more  evident  in  connection  with  the  section  on  the  "side- 
chain  theory." 

Mbthod  of  Partial  Absorption  of  Toxix. — Ehrlich  '  has  gathered 
more  exac-t  data  in  support  of  his  views  fmm  what  he  tenns  the  "  Mcthoii 
of  Partial  Ab.sorption  "  of  to.xin  by  antito.xin. 

In  order  to  understand  this  method  clearly,  it  is  necessary  to  re- 
member that  Ehrlich  '  believes  the  union  of  toxin  with  antitoxin  to 
take  place  according  to  the  chemical  laws  of  valency.  Just  as  in  HjO 
oxygen  hiis  an  atomic  valency  of  2  for  hydrogen,  so,  in  the  fully 
neutralized  toxin-autito.xiu  compound,  he  believes  antitoxin  to  have  a 


^  Dreyer  und  Matlnen.  Tml.  f.  Hyg.,  rxxvii,  1901. 

»£AWicA,  "Gesamnielte  Arbeiten  lur  IramunitiitsforBch.,"  Berlin,  1904. 
tEMick,  Deut.  mod.  Woch.,  1898. 
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valcnpy  of  200  for  toxin.    It  would  require,  according  to  this,  200 
or  toxin  niolcciilea  to  sutisfy  the  affinities  of  one  antitoxin  molecule.' 

Thia  belief  is  based  upon  the  foUovviti}?  consideration ;  In  determining 
the  Lq  dosr,  or  fully  neutralized  toxin-antitoxin  utnon,  Ehrtich,  as  well 
as  Madsen,  found  that  the  number  of  T  vuiit.s  contained  in  such  a 
dose  was  almost  regularly  a  factor  of  one  hundred,  recurring  again 
and  again  a.s  2."),  '^i'^,  50,  75,  etc.  Thi.s  pointi-d  to  more  or  les.s  regularity 
in  the  deterioration  of  toxin  into  toxoid,  and  to  a  more  or  less  regular 
relation  of  toxin  to  toxon.  Now,  as  we  have  seen  before,  if  wc  could 
procure  a  pei-fectly  pure  toxin,  the  Lq  dose  plus  one  toxin  unit  would 
give  u«  the  Ij^  dose;  that  h,  one  toxin  iniit  in  exce«<s  of  full  neutraliza- 
tion would  suffice  to  kill  a  guinea-pig  of  250  grama  m  four  to  five  days. 
Since  a  perfectly  pure  toxin,  however,  ha.s  not  been  obtainable  up  to  the 
present  time,  it  in  clear  tliat  the  number  of  pure,  toxin  liond.s  contained 
in  L.J.  must  be  less  than  the  actual  number  of  neutralizing  units  in  the 
combination,  a  part  of  the  antitoxin  being  bound  by  toxon  and  toxoid. 
The  actual  values  olitained  for  the  nundier  of  T  units  in  L^  has 
never  exceeded  2(X),  and  has  usually  been  more  than  100,  the  highest 
value  ascertained  by  Madsen  Ix^ing  1(50.  Given,  therefore,  a  combining 
vjilue  which,  Ix'iug  a  nudtijile  of  one  hundred,  is  often  more  than  one 
hundreil,  but  in  an  obviously  impure  state  has  never  reached  200,  it  is 
most  likely  that  2(H1  represents  the  actual  value  sought  for. 

As.suuiing,  therefore,  upon  the  foregoing  consideratinn.s,  that  the 
valency  of  antitoxin  for  toxin  is  200,  Ehrlich  carries  out  his  experi- 
ments in  the  following  way: 

Given  a  Lo.vin,  the  unit  (T)  of  which  is  0.024  c.c,  he  first  deter- 
mines the  L^.  dose  which,  tested  against  the  standard  antitoxin  unit,  in 
this  cause  is  2.05  c.c.  But  2.05  c.c.  =  S5  T.  (or  2.05  ^  .024)  units. 
By  mixing  the  L^.  dose  of  to.xin  nnd  antitoxin  in  such  a  way  that  tlu; 
quantity  of  antitoxin  is  gradually  increased,  while  the  toxin  remains 
always  L^..  and  determining  upon  animaU  the  amount  of  free  toxin 
contained  in  each  mixtun-,  the  following  table  may  be  const ru<'ted:' 


$ 


0  antitox.  unit  representing       0  valencies  + 1> .«.  —  86    free   T  units. 

.1        "  "  "  20       ■'        +L+  -  S5      

.25     "  "  "  60       "        +L+  =  60      "     "     " 

,8       "         "  "  160       "       +L+  -  10     "     "    " 

,9       "         "  "  180       "       -1-1,+  -    3.5 "     "    " 


'  Ehrlich,  "  Schlussbetrachtuiigen,"  Nothnogel's  System. 
>  Example  taken  from  Ehrlich,  Deut.  med.  Woch.,  1898. 
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plain  that  the  subetaiifes  with  the  strongest  affinity  for  antitoxin 
must  be  bound  first  by  the  antitoxin.  This  does  not  diminish  the  toxic 
value  of  the  nuxturc;  and  these  arc  the  protoxoide.  Next  arc  bound 
syntoxoids  and  toxins,  and,  finally,  the  toxons.  It  is  plain  that,  by 
this  method,  the  conatitution  of  any  given  toxin  may  be  ascertained, 
and  Ehrlieh  has  constructed,  on  the  basis  of  these  observations,  what  he 
t^rrns  his  toxin  spectrum.  Minor  difl[orcnccj<  of  toxicity  and  affinity  for 
the  antibody  have  caused  him,  by  the  partial  saturation  method  de- 
scribed,  still  further  to  divide  toxin  into  proto-,  tlciitero-,  and  trito-toxin. 
His  spectra  graphically  describe  the  constitution  of  any  given  toxic 
bouillon  and  trace  its  deterioration  as  follows; 


/^./ 


»  M  mifm  OHM  ma*-mf!rarmtm 


f^.i. 


ProteUxlns   DeuUn- 
ttxlta 


Trileuxins 


PnUUakb  <r  toxudta     Triutaaids  it 


texintfi 


Ehrlich's  opinion  as  to  the  constitution  of  toxin  is  by  no  means 
fully  accepted.     Arrhenius,'  the  great  physical  cheniist,  and  Madsen, 

^  ArrheniMMwAMaixen,  Zeit.  f.  physik.Chem.,  1902;  Festschrift,  Kopenhogcn,  1902. 
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a  bacteriologiat  who  was  once  a  pupil  of  Ehrli(;h,  have  recently  opp 
Ehrlifh's  theory  on  grounds  of  physicjii  rheuiistr)'. 

Modem  thoortt's  of  solution  maintain  that  substanfes  in  solution 
are  broken  up  into  their  atoms  or  atom-groups,  known  as  ions.  Thus, 
NaCl  in  solution  would  lie  "dissociated"  into  its  Na  ion  and  it-s  CI  ion. 
the  contpletcncw  of  the  dis.'K)ciation  depending  upon  the  conccntra- 
tion  of  the  solution.  .\  solution  of  NaCl,  therefore,  contains,  according 
to  this  view,  thnx*  substance.^,  NaCl  undissociat<'d  nnd  fnx-  ions  of  Na 
»nd  CI,  the  n-lative  qusmtities  f)f  the  three  present  in  any  given  solution 
being  calculable,  and  depend  ujjon  a  law  knovs-n  as  the  law  of  mass- 
action  of  (luldlx-rg  and  Waage.  These  fn^e  ioiw  are  the  elements,  there- 
fore, which  are  active  in  the  formation  of  further  chemical  combination. 
When  a  strong  acid,  in  solution,  acts  upon  a  ba.sc,  say  HCl  upon  am- 
monia (NHj),  strong  acid  having  the  [iroperty  of  quite  complete  dis- 
sociation in  relatively  concentrated  solutions,  little  or  no  ammonia 
would  remain  unbound.  A  weak  acid,  Hke  boric  acid,  however,  not  being 
as  completely  dissociated,  would  leave  some  ammonia  uncombined  even 
after  more  than  quantitatively  sufficient  boric  acid  had  been  added. 
Arrhenius  and  Madsen,  on  the  basis  of  careful  researches  into  the  re- 
action between  tetanolysin  and  its  antibody,  believe  that  toxin  and  anti- 
toxin pos.sess  weak  chemical  avidity  for  eaeh  other,  their  interaction 
being  comparable  to  that  taking  place  between  a  weak  acid  and  a  baae. 
Toxin-antitoxin  solutions,  therefore,  would  contain  the  neutral  com- 
pound, but  at  the  same  time  uiicombincd  to.xin  and  antitoxin.  The 
qualities  which  Ehrlich  ascribes  to  toxon,  they  believe,  are  due  to 
the  unbound  toxin  present  in  such  nii.xtures.  In  careful  studies 
in  which  they  inhibited  the  hemolytic  action  of  anuiionia  by  gradual 
addition  of  boric  acid,  they  wore  able  to  show  complete  paralteli.sm 
between  the  conditions  governing  tliis  neutralization  and  those  con- 
cerned in  their  tetanus  experiments.  Their  explanation  has  the 
advantage  of  e.xtreme  simplicity  over  that  of  Ehrlich,  but  since  the 
differences  of  opinion  are  now  the  subject  of  active  cxfjerimental 
controversy,  a  critical  discussion  must  rest  until  further  facta  arc 
revealed. 

The  Side-Chain  Theory. — We  have  seen  that  the  extensive  researches 
of  Ehrlich  hito  the  nature  of  the  toxin-antitoxin  reaction  led  him  to 
believe  that  the  two  bodies  underwent  chemical  union,  forming  a  neu- 
tral eompoun<l.  The  strictly  spi-eific  character  of  such  reactions,  further- 
more, diphtheria  antitoxin  binding  only  diphtheria  toxin,  tetanus 
antitoxin  onlv  tetanus  to.xin,  etc.,  led  him  to  assume  that  the  chemical 
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affinity  between  each  antibody  and  its   respective  antigen  depended 
upon  definite  atom  groups  contained  in  each. 

Ehrlich  '  had,  in  18S5,  published  a  treatise  in  which  he  discussed 
the  manner  of  cell-nutrition  and  advanced  the  opinion  that  in  order  to 
nourish  a  cell,  the  nutritive  substance  must  enter  directly  into  chemical 
combination  with  some  elements  of  the  cell  protophism.  The  great 
number  and  variety  of  chemical  substances  which  act  as  nutriment  led 
him  to  believe  that  the  highly  complex  protoplasniic  molecules  of 
cells  were  made  up  of  a  central  atom-group  (Leistungs-Kern)  upon 
which  depended  the  specialized  activities  of  the  cell,  and  a  multi- 
plicity of  side  chains  (a  term  borrowed  from  the  chemistry  of  the 
benzol  group),  by  means  of  which  the  cell  enlercit  into  chemical  relation 
with  food  and  other  substances  brought  to  it  by  the  circulation.  If 
we  illustrate  graphically  by  the  chi'miral  conception  from  which  the 
term  side  chain  was  borrowed,  in  salicj-lic  acid,  the  formula  given,  the 

OH 

I 
C 

/\ 
H— C       C— COOH 

I        I 
H— C       C— H 

.    y 

I 
u 

beBzol  ring  represents  the  "  Leistungs-Kem,"  or  radicle,  while  OOOH 
^H  and  OH  are  side  chains  by  means  of  which  a  variety  of  other  substances 
^H  may  be  brought  into  relation  with  the  "radicle,"  for  instance,  as  in 
^B  methyl  salicylate. 

^^B  1^  CO,CH. 

^^         Ti 


0 


Just  as  nutritious  substances  are  thus  brought  into  workable  re- 
lation with  the  cell  by  means  of  the  atom-groups  corresponding  to  side 
chains,  so  Ehrlich  believes  toxins  exert  their  deleterious  action  only 
because  the  celL<;  possess  side  chains  by  means  of  which  the  toxin  can  be 
chemically  bound.  These  side  chains,  Khrlich  in  his  later  work  calls 
"receptors."     The  receptors  or  ^ide  chains  piiesent   in  the  cells  and 

■  Ehrlich,  "  Das  SaueratoffbedUrfoiss  des  Organismus,"  Berlin,  1385. 
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possessing  by  chance  specific  affinitj'  for  a,  given  toxin,  are,  by  their 
union  with  toxin,  rendered  useless  for  their  noiinal  physioloycal  func- 
tion. By  the  normal  re|)arHtive  mechanism  of  the  body  these  recep- 
tors are  probably  cast  off  and  regenerateil.  Kegencrativc  processes  of 
the  body,  however,  do  not,  as  a  rule,  stop  ut  simple  replacement  of  lost 
elements,  but,  according  to  the  hypothesis  of  Weigert,'  usually  tend  to 

overcompensation.  The  receptors  eliminated 
by  to.xin  absorption  are  not,  therefore,  simply 
reproducetl  in  the  sjime  quantity  in  which 
they  are  lost,  but  arc  reproduced  in  excess  of 
the  simple  physiological  needs  of  the  cell. 
Continuous  and  increasing  dosage  with  the 
poison,  consequently,  soon  leads  to  such 
excessive  production  of  the  particular  re- 
ceptive atom-groups  that  the  cells  involved 
in  the  process  become  overstockeil  and  cast 
them  off  to  circulate  freely  in  the  blood.  These  freely  circulating  re- 
ceptons — atom-groups  with  speciftc  affinity  for  the  toxins  used  in  their 
production — represent  the  antitoxins.  These,  by  uniting  with  the 
poison  before  it  can  reach  the  sensitive  cells,  prevent  its  deleterious 
action.     (Fig.  56.) 

The  theorj'  of  Ehrlich,  iu  brief,  then,  depends  upon  the  assumptions 
that  toxin  and  antitoxin  enter  into  chemical  union,  that  each  toxin 
possesses  a  specific  atom-grou|)  by  means  of  which  it  is  bound  to  a  pre- 
existing .side  chain  of  the  affected  cell,  and  that  these  .side  chains,  in  ac- 
cordance with  Weigert's  law,  under  the  influence  of  repcatcv:!  toxin  stimu- 
lation, are  eventually  overproduced  and  cast  off  by  the  cell  into  the 
circulation. 

It  stands  to  reason  that  this  theoretical  conception  would  be  vastly 
strengthened  were  it  possible  to  show  that  such  recejjfors  or  toxin- 
binding  atom-groups  actually  pre-existed  in  the  animal  botly,  and  .such 
support  was  indeed  given  by  the  experiments  of  Wasscnnann  and  Taka- 
ki.^  Tho.se  observers  succeeded  in  showing  that  tetanus  toxin  could  be 
rendered  innocuous  if,  Ix'forc  injection  into  animals,  it  was  thoroughly 
mixed  with  a  sufficient  quantity  of  the  fresh  brain  substance  of  guinea- 
pigs.    Similar  observations  were  independently  made  by  Asakawa,"'  and 


»  Weigert,  Vcrhandl.  d.  Gea.  Deutsch.  Naturf.  u.  Aerate,  Frankfurt,  1896. 
»  Waaaermann  und  Takaki,  B«rl.  klin.  Woch.,  1898. 
'  Atakawa,  Cent.  f.  Bakt.,  1898. 
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variously  confirmed.     Kempiicr  tind  Schepilcwsky  '  showed  a  similar 
relation  to  exist  between  brain  tissue  unil  botulismus  toxin,  and  Myers ' 
^brought  proof  of  analogous  conditiuus  in  the  case  of  suprarenal  tissue 
and  cobra  poison. 

In  the  discussion  of  Ehrlich's  toxin  analysis,  we  have  seen  that  he 
accounted  for  variations  in  the  quantitative  relations  by  the  existence 
of  tcxoids  and  toxons.    He  explained  the  striking  fact  that  toxoids  had 

I  lost  their  poisonous  nature  and  yet  retained  full  powers  to  neutralize 
antitoxin  by  the  assumption  that  to.xin  was  made  up  of  two  separate 
atom-groups;  one,  the  huptophore  group  which  possessed  the  specific 
affinity  for  the  antitoxin  or  cell  receptor;  the  other,  the  toxophore 
group  by  means  of  which  the  actually  harmful  eJTects  were  produced. 
The  haptophore  groups  of  all  three  of  these  substances,  toxin,  toxoid, 
and  toxon,  by  virtue  of  their  antituxin-biruiing  power,  he  a.ssumcd  to  be 
alike;  in  toxoid,  the  tuxoi>hore  group  liius  been  destroyed  or  altered; 
in  toxon,  the  toxophoi-e  group  is  qualitatively  different  from  that  of 
toxin.  The  haptophore  group,  however,  being  alone  concerned  in  neu- 
tralizing receptors,  all  three  of  these  substances  should,  if  Ehrlich's 
theorj'  is  to  be  tenable,  produce  antitoxin.  Dreyer  and  Madsen,'  ac- 
cordingly, atrtually  succeeiled  in  producing  diphtheria  antitoxin  by  im- 
munisation with  toxon.  .\ttempts  tu  produce  antitoxin  with  to.xoids 
havo  succeeded  in  the  hands  of  Ehrlich  and  others.  Such  experiments 
have  not,  however,  been  always  successful,  a  notable  failure  being  that 
of  Bruck.*  On  the  basLs  of  such  negative  results  the  theoiy  was  advanced 
by  Wassonnann  that  overproduction  of  receptors  was  stimulated  by 
the  irritation  (Zellreiz)  produced  by  the  to.xophore  group — a  stinmla- 
tion  not  present  in  the  case  of  to.xoids. 


'  Ktmjmer  und  Schepilewtki/,  Zeit.  f. 
'  Myers,  Cent.  f.  Bakt.,  i,  1899. 
•  Bruck,  Zeit.  f.  Hyg.,  1904. 


Hyg.,  mm. 

•  Dreyer  uiid  Madaen.  Zeit.  f.  Hyg.,  1901. 
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CHAPTER    XIV 

PRODUCTION   AND   TESTING   OF  ANTITOXINS 

DIPHTHERIA   ANTirOXIN 

In  spite  of  the  great  advances  in  our  theoretical  knowledge  of  anti- 
bodies, gained  fluriiig  the  last  three  decades,  extensive  therapeutic 
appHcation  has  been  made  of  the  antitoxinH  only.  Pre-eminent  among 
these  from  a  practical  point  of  view  are  the  antitoxins  against  diphtheria 
and  tetanus  toxin.  For  diphtheria,  can^fid  .statistical  studies  have 
demonstrated,  lK>yoml  doubt,  the  therapeutic  value  of  tiie  serum 
treatment.  Biggs  and  Guerard,  in  a  general  statistical  review,  ar- 
rived jit  the  c(mclustun  that  the  <leath  rate  of  diphtheria  had  been  ix"- 
duced  fifty  per  cent  by  the  u.st'  of  antitoxin.  .'Vpproximntely  the  same 
estimate  is  made  by  Dicudontii; '  who  studied  almost  lO.OiX)  treate<l  caw.s 

Production  of  Diphtheria  Antitoxin. — The  mi'thods  for  )>roduciiig 
diphtheria  antitoxin  vary  otdy  in  minor  technical  details.  The  first 
requisitt-  for  successful  antito.\.in  production  is  the  possession  of  a  strong 
toxin.  The  various  means  of  obtaining  this  are  outlined  in  the  section 
on  diphtheria  toxin.  The  toxin  used  should  be  of  such  potency  that 
less  than  0.01.  cc.  will  kill  a  guinea-pig  of  250  grams  weight  m  four 
to  five  days.' 

For  experimental  purposes,  goats  or  sheep  may  be  used  for  immuni'.a- 
tion;  for  antitoxin  production  on  a  large  scale,  horses  have  been  founil 
to  be  the  most  useful  animals.  The  horses  should  be  young,  four  to 
six  years  old,  vigorous,  and  healthy.  It  is  advisalile  that  they  be  .sub- 
jected to  the  nmllein  test  to  exclude  possible  infection  with  glanders. 

The  toxin  injections  are  made  subcutaneously.  Becau.se  of  the  dif- 
ferences in  .susceptibility  noted  in  various  horsc'S,  it  is  atlvLsable  (hat  the 
first  doses  of  toxin  shouhl  be  eitlier  very  small  or  weakened  by  chemicals 
or  heat,  or  eoiid)ined  with  antiUtxin.  In  the  Pasteur  Institute  in  Paris, 
the  small  initial  dose  of  toxin  ((1.5  c.c.)  is  mixi'd  lH'forL>  injection  with 
an  equal  quantity  of  Lugol's  solution  (iodin-potassiuui  iodid  solution). 

^Ditudonni,  Arb.  a.  d.  kais.  Gesumlhcilttamt.  189.'>  and  1897. 
tPark,"  Pathog.  Bact«ria  and  ProtoBoa,"  N.  Y.,  1908. 
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Park  '  advises  an  initial  dose  of  5,000  toxin  units  (about  20  o.c.  of 
toxin)  combined  with  100  units  of  imtitoxin.  The  same  tiniount  is  given 
with  the  second  and  thini  doses  of  toxin.  The  intervals  are  from  five 
days  to  a  week,  detenninetl  b)'  complete  subsidence  of  the  reaction  (tem- 
perature). The  doses  are  increased  until,  at  the  end  of  two  or  three 
months,  more  thim  ten  times  the  originij  duse  is  given  (50,000  units). 

Horses  vary  greatly  in  the  strength  of  antitoxin  which  they  will  pro- 
duce. At  the  end  of  three  or  four  months  in  favorable  animals  one 
cubic  centimeter  of  serum  may  contain  250  to  800  antitoxin  units.  Fur- 
ther immunization  will  often  increase  the  antitoxin  output  to  1,000  and 
more  units  to  the  cubic  centimeter  of  serum.  Park  states  that  none  of 
the  horses  used  by  him  has  ever  yielded  2,000  units  to  the  cubic  centi- 
meter. The  same  writer  advises  a  tlirce  months'  period  of  rest  from 
immunization  at  the  end  of  every  nine  months.  Given  such  resting 
periods,  some  horses  have  continued  to  furnish  high-grade  antitoxin  for 
from  two  to  four  years. 

In  order  to  obtain  serum  from  horses,  a  sharp  cannula  is  introduced 
into  the  jugular  vein.  After  leading  the  horse  into  a  specially  con- 
structed stall,  its  head  is  slightly  deflected  and  pressure  is  made  upon  the 
jugular  vein  below  the  point  into  which  the  needle  is  to  be  plunged. 
Compression  can  also  be  made  by  surrounding  the  neck  of  the  horse  close 
to  the  shoulders  with  a  leather  strap  over  a  pad  laid  directly  upon 
the  vein.  The  vein  becomes  visible  along  the  lower  margin  of  the  neck 
in  a  line  running  from  the  angle  of  the  jaw  to  the  edge  of  the  scapula. 
The  skin,  of  course,  is  previously  shaved  and  sterilized.  The  cannula 
is  then  plunged  into  the  vein,  either  with  or  without  previous  incision 
through  the  skin,  and,  through  a  sterile  rubber  tube,  the  blood  is  al- 
lowed to  flow  into  high  glass  cylinders  or  slanted  Erlenmeyer  flasks. 
In  this  way,  large  quantities  of  blood  may  lie  obtained  and,  according 
to  Kretz,'  as  much  as  six  liters  may  he  taken  at  a  time  at  intervals  of 
a  month,  without  mjuring  the  animal.  Ligature  of  the  vein  after 
bleeding  is  uimecessary. 

The  cylinders  and  flasks  are  allowed  to  stand  for  two  or  three  days 
at  or  below  10°  C.  At  the  end  of  this  time,  the  scrum  may  be  pipetted 
or  siphoned  away  from  the  clot  and  stored  in  the  refrigerator.  In  order 
to  diminish  the  chances  of  contamination,  five-tenths  per  cent  of  car- 
bolic acid  or  four-tenths  per  cent  of  tri-cresol  may  be  added. 

'  Park,  loc.  cit.,  p.  212. 

*  KreU,  in  "Uandb.  der  Techn.  u.  Meth.  d.  Immun.,"  Kraua  and  Levaditi,  vol.  ii, 
1908. 
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Antitoxin  is  fairly  stable  and  if  kept  in  a  cool,  dark  place,  may  re- 
main active,  with  but  slight  deterioration,  for  as  long  as  a  year.  Kept 
in  a  dry  state,  in  vacuo,  over  anhydrous  phosphoric  acid,  by  the  method 
of  Ehrlich,  it  retains  its  strength  indefinitely. 

Standardization. — j\ntit«xin  units  being  measured  in  terms  of  toxin, 
uniformity  of  measurement  necessitates  the  possession  by  the  various 
laboratories  of  a  unifomi  toxin,  Antitoxin  being  more  stable  than 
toxin,  uniformity  of  toxin  is  obtained  by  means  of  a  standard  antitoxin 
distributed  from  a  centra!  lalwratory.  This  was  first  done  by  Ehrlich 
in  Germany,  and  is  now  done  for  the  United  States  by  the  Public  Health 
and  Marine  Hospital  Service  laljoratories.  Bottles  of  the  distributed 
antitoxin  are  marked  with  the  numlx-r  of  units  contained  in  each  c.c. 
Dilutions  of  this  are  mixed  with  varying  quantities  of  the  toxin  to  be 
tested,  the  mixtures  are  allowed  to  stand  for  15  minutes  to  permit  union 
of  the  two  elements,  and  injections  into  guinea-pigs  of  250  grams  weight 
are  made.  Thus  the  h+  dose  of  the  toxin  is  determined.  (The  L+  dose 
fp.  208]  is  the  quantity  of  poison  not  only  sufficient  to  neutralize  one 
antitoxin  unit,'  l)ut  to  contain  an  excess  beyond  this  sufficient  to  kill  a 
guinea-pig  of  250  grams  in  4  to  5  days.  L+  is  chosen  rather  than  Lq,  the 
simple  neutralizing  dose,  because  of  the  difference  between  toxins  in 
their  contents  of  toxoi<l  and  toxon.') 

The  L^.  dose  of  the  toxin  having  thus  been  determined,  this  quantity 
is  mixed  with  varying  dilutioas  of  the  unknown  antitoxin.'  Thus,  given 
an  antitoxin  in  which  300  to  400  units  to  the  c.c.  are  suspected,  dilutions 
of  1  :  200,  1  :  250,  1  :  300,  etc.,  are  made.  One  c.c.  of  each  of  these  is 
mixed  wth  the  L+  dose  of  the  toxin,  and  the  mixtures  are  injected  into 
guinea-pigs  of  about  250  grams.  If  the  guinea-pig  receiving  L+  plus 
the  1  :  250  dilution  lives  and  the  one  receiving  L+  plus  the  1  :  300  dilu- 
tion dies  in  the  given  time,  we  know  that  the  unit  sought  must  lie  be- 
tween these  two  values,  and  further  similar  experiments  will  easily 
limit  it  more  exactly.     The  possibility  of  error  in  carrying  out  such 


'  The  older  definition  of  n  unit  of  diphtheria  antitoxin  is  the  quantity  of  anti- 
tomi  sufficient  io  protect  a  (cuinea-pig  of  250  (^ams  aRiiinst  10()  times  the  fatjil  doee 
of  diphtheria  toxin.  This,  however,  holds  tnie  only  if  we  an?  denlioR  with  normal 
toxins  and  antitoxina  as  at  first  devised  by  BehrinR.  In  the  cimditioiis  under  which 
the  measurements  are  made  at  present,  however,  this  definition  mu»t  be  revised  aa 
follows:  A  unit  of  antitoxin  is  that  amount  of  antitoxin  which  will  save  the  life  of  a 
guinea-pig  if  injected  together  with  an  I.+  diisc  of  the  toxin. 

'  Madten,  in  Kraus  u.  I.«vaditi,  "Handbuch,"  etc.,  HK)7. 

•  PiniU,  "Die  Werthbcm.  der  Heilsera,"  in  KoUe  u.  Wassermann. 
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measurement  is  much  diminished  by  the  use  of  larger  quantities  of  dilu- 
tions higher  than  those  given.      Four  c.e.  i.s  the  volume  usuiilly  injected. 

Since  1902,  the  production  and  sale  of  diphtheria  antitoxin  lias  been 
regulated  by  law  in  the  United  States.  From  time  to  time,  antito.xin  i.s 
bought  in  the  open  market  and  examined  at  the  hygienic  ial)ori>tories  of 
the  United  States  Public  Health  anil  Marine  Hospital  Service.  Anti- 
toxic scrum  which  contains  le.ss  than  two  hundred  units  to  each  cubic 
centimeter  is  not  pennitted  upon  the  market. 

In  a  previous  section  we  have  seen  that  Hi.ss  and  Atkinson '  and 
others  have  shown  an  increase  in  the  globulin  content.s  of  blootl  serum 
of  immunized  animals.  It  has  been  shown,  furthennore,  that  the  pre- 
cipitation of  such  serum  with  ammonium  sulphate  carried  do*n  in  the 
globuUn  precipitate  all  the  antitoxic  substances  contained  in  the  scrum. 
Upon  a  basis  of  globulin  precipitation,  Gibson  '  has  recently  perfected  a 
raethotl  of  concentrating  and  purifying  diphtheria  antitoxin  for  thera- 
peutic use.  This  procedure,  as  carried  out  at  the  New  York  Depart- 
ment of  Health,  is,  in  principle,  as  follows: 

The  serum,  as  taken  from  the  horse,  is  heated  to  56°  C.  for  twelve 
hours.  This  converts  about  half  of  the  pseudoglobiilin  into  euglobulin, 
the  antitoxin  remaining  in  the  pseudoglobulin  fraction.'  It  is  then  * 
precipitated  with  an  equal  volume  of  a  saturated  ammonium  sulphate 
solution.  After  two  hours,  the  precipitate  is  caught  in  a  filter  and 
redissolved  in  a  quantity  of  wntx^r  corresponding  to  the  original  quantity 
of  serum.  After  filtration,  this  solution  is  again  precipitated  with 
saturated  ammonium  sulphate  solution  and  the  precipitate  again  fil- 
tered off.  The  precipitate  is  then  treated  with  a  saturated  solution  of 
sotlium  chloride  of  double  the  volume  of  the  original  s<;rum.  This  is 
allowed  to  stand  for  about  twelve  hours.  At  the  end  of  this  time  the 
antitoxin-containing  globulin  is  in  solution  and  is  pipetted  away  from 
the  precipitate  and  filtered.  This  salt-«ilution  extract  Ls  then  pre- 
cipitated with  twenty-five  hundredths  per  cent  acetic  acid.  The  re- 
siilting  precipitate  of  globulin  is  thoroughly  dried  by  pressure  between 
filter  papers  and  placed  in  a  parchment  dialyzer.  Dialysis  with  run- 
ning water  is  continued  for  seven  to  eight  days,  after  neutralization  with 
sodium  carbonate,  in  order  to  remove  the  sodium  chloride.  At  the 
e»id  of  this  time,  the  globulin  solution  remaining  in  the  dialyzer  is  fil- 


'  Hiai  and  Alkin^in,  Jour.  Exper.  Med.,  v,  IflOO, 

»G*»»n,  Joiir.  of  Biol.  Chcm..  i.  1906. 

*  Dr.  Hanihaf,  personal  communication. 

'Gib»on  and  Collitu,  Jour,  of  Biol.  Chem.,  iii,  1907. 
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tert'll  through  u  Berkcffld  candle  for  the  purpose  of  sterilization,  aftci 
the  addition  of  0.8  per  cent  sodium  chlorid.  According  to  Gibson,  this 
luethud  produces  a  yield  of  antitoxin  which  eijuals  about  four-fifths 
of  the  original  quantity  but  is  concentrated  five-  to  seven-fold.  The 
method  has  more  recently  been  modified  as  follows: 

After  heating  to  56°  C,  as  above,  and  cooh'ng,  luninoniuui  sulphate  is 
added  to  the  serum  to  thirty  per  cent  saturation.  This  brings  down  all 
the  euglobulins.  This  is  then  filtered  and  the  filtrate,  which  contains 
the  pscudoglobullns  with  the  antitoxin,  is  again  precipitated  with 
amuioniuin  sulijluite  Ln  a  concentration  of  fifty-four  piT  cent  of  satura- 
tion. The  precipitate  is  then  separated  on  a  paper,  pressed  to  dryness, 
and  directly  dialyzed.' 

Park  and  Thome-  have  founil  that  the  use  of  such  concentrated 
antitoxin  is,  therapeutically,  equally  efficient  as  the  unconceutratod, 
and  pos.se.s.ses  the  advantage  of  less  frequently  giving  rise  to  the  sec- 
ondarj'  reactions  in  skin  and  mucous  membranes  occasionally  noticed 
after  the  use  of  ordinary  antitoxin,  and  referable,  probably,  to  some 
other  constituent  of  the  horse  seioim. 

Diphtheria  antitoxin  is  therapeutically  used  in  dos<!s  ranging  from 
3,000  to  20,000  units.  For  prophylactic  immunization  of  healthy 
individuals,  about  500  units  should  be  used. 

TETANUS  ANTITOXIN 

Production  of  Tetanus  Antitoxin. — The  production  of  tetanus  anti- 
toxin is,  in  every  way,  analogous  to  that  of  diphtheria  antitoxin.  It 
is  necessary  in  the  first  place  to  prcKkice  a  powerful  tetanus  toxin.  The 
methods  of  procuring  this  wilt  be  discussed  in  the  section  upon  tet- 
anus toxin,  page  458.  Suffice  it  to  say  here  that  the  most  satisfactorj- 
method  of  obtaining  toxins  consists  in  cultivating  the  bacilli  upon  veal 
broth  containing  five-tenths  per  cent  to  two  per  cent  .sodium  chlorid 
and  one  per  cent  pepton.  It  has  been  advised,  also,  that  the  broth  should 
be  neutralized  by  means  of  magnesium  carbonate  rather  than  with 
sodium  h3'drat.e.  The  bacilli  are  cultivated  for  eight  to  ten  daj-s  at  incu- 
bator temperature  and  the  broth  filtered  rapidly  through  Berkefeld 
filters.  The  toxin  may  be  preserved  in  the  liquid  form  with  the  ad- 
dition of  five-tenths  per  cent  carbolic  acid,  or  may  be  preserved  in  the 
dry  state  after  precipitation  with  ammonium  sulphate. 


'  Dr.  Bamhaj,  personal  oommunicalion. 

*Park  and  Throne,  Amer.  Jour.  Med.  8ci.,  Nov..  1906 
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It  is  necessary  to  det^nnino  the  strength  of  the  poison.  This  is  done 
according  to  Behring  '  by  dfteniiining  the  smallest  amount  of  toxin 
which  will  kill  a  white  mouse  of  twenty  grams  weight  within  four  days. 
This  is  most  easily  done  by  making  dilution.s  of  the  to.\in  ranging  from 
1  :  1(K)  to  1  :  1,(X)0,  and  then  injecting  ijuantitie.'s  of  0.1  v.v.  of  each  of 
these  dilutions  subcutaueously  into  white  mice.  In  this  way,  the  mini- 
mal-lethal dose  is  ascertained. 

For  the  actual  production  of  antitoxin,  horses  have  been  generally 
fovmd  to  be  the  most  favorable  animals.  The  horses  should  be  healthy 
and  from  five  to  seven  years  old.  The  first  injection  of  toxin  adniin- 
ist<-red  to  these  animals  .should  bo  attenuated  in  some  way.  Vari- 
ous methods  for  accomplishing  this  have  been  in  use.  In  America, 
the  first  injection  of  about  ten  to  twenty  thousand  minimal  lethal  floses ' 
(for  mice  of  twenty  grams  weight)  is  usually  nuule  Bul)cutaueou.sly  to- 
gether with  sufficient  antitoxin  to  neutralize  this  quantity.  In  Germany, 
v.  liehring  uses,  for  his  first  injection,  a  much  larger  dose  of  to.xin  to 
■which  about  0.25  per  cent  of  tcrrhlorid  of  iodin  has  been  added. 
Immediately  after  an  injection,  the  animals  wilt  usually  show  a  reac- 
tion expres-sed  by  a  rise  of  temperature,  refusal  of  food,  and  some- 
times muscular  twitching.  A  .second  injection  should  never  be  given 
until  all  such  symptoms  have  complet<?Iy  subsided.  This  being  the  case, 
after  five  to  eight  days  double  the  original  dose  is  given  together  with 
a  neutralizing  amount  of  antitoxin  or  with  the  addition  of  terchlorid  of 
iodin.  Again  after  five  to  eight  days,  a  larger  doscr  is  given  and  there- 
aft-er,  at  similar  inter\'als,  the  quantity  of  toxin  is  rapidly  increased.  In 
America  the  neutraliKing  antitoxin  is  omitted  after  the  thirti  or  fourth 
injection;  in  v.  Behring's  laboratory'  the  quantity  of  terchlorid  of  iodin 
is  gradually  diminished.  The  increa.si::  of  tlosagc  is  often  controlled  by 
the  det.ennination  of  the  antit<)xin  contents  of  the  animal's  blood  scrum. 
The  immunization  is  increased  until  enormous  doses  (500  c.c.)  of  a 
toxin  in  which  the  minimal  lethal  dose  for  mice  is  ivpresented  by 
0.0001  c.c,  or  less,  is  borne  by  thi-  horse  without  apparent  hann. 

The  antitoxic  serum  is  then  obtained  by  bleeding  from  the  jugular 
vein,  as  in  the  ca.se  of  diphtheria  antitoxin.  It  may  he  prcser\'ed  in  the 
liquid  state  by  the  addition  uf  five-tenths  per  cent  of  carbolic  acid  or 
four-tenths  per  cent  of  tricresol. 

>  r.  Behring,  Zeit.  f.  Hys..  xii.  1892  ;  Deut.  med.  Woch..  1900. 

'.According  to  Park  the  "horses  receive  5  c.c.  as  the  initial  dose  of  a  toxin 
of  which  1  c.c.  kills  2.')0.(KM)  grams  of  guinea-pig,  and  along  with  this  a  guflicicnt 
amount  of  antitoxin  to  neutralize  it." 
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Standardization. — The  universal  prophylactic  use  of  tetanus  antitoxin 
haa,  as  in  the  ca«;  of  diphlhcria  antitoxin,  nccpssitatcd  its  standardiza- 
tion. A  variety  of  methods  arc  in  use  in  difTcrcnt  piirtrt  of  the  world. 
In  the  following  description  the  Aniciieun  mfthod  only  will  be  consid- 
ered as  laid  down  under  the  law  of  July,  1908,  and  based  upon  the  work 
of  Ilosenau  and  Anderson  '  at  the  United  States  Hygienic  Laboratories 
at  Washington. 

In  conjunction  with  a  committee  of  the  Society  of  American  Bac- 
teriologists, these  authors  have  defined  the  unit  of  tetanus  antito.xin  as 
follows : 

The  unit  shall  be  ten  times  the  least  amount  of  scrum  nece8.sary  to 
save  the  life  of  a  350  gram  guinea-pig  for  ninety-six  hours  against  the 
ofRcial  test  Jose  of  standard  toxin.  The  test  dose  con.sistsof  UKJ  minimal 
lothal  doses  of  a  precipitated  toxin  preserved  under  special  conditions 
at  the  hygienic  laboratory  of  the  Public  Health  and  Marine  Hospital' 
Service.  (The  minimal  lethal  dose  is  in  this  case,  unlike  Behring's 
minimal  lethal  dose,  measured  not  against  20  gram  mice,  but  against 
350  gram  guinea-pigs.) 

In  the  actual  standanlization  of  tetanus  antito.xin,  as  in  that  of  diph- 
theria antitoxin,  the  L^.  dose  of  toxin  is  employed.  The  L+  dose  is, 
however,  in  this  ca.se,  defined  as  the  smallest  quantity  of  tetanus  toxin 
that  will  neutralise  one-tenth  of  an  immunity  unit,  plus  a  quantity  nf 
toxin  sufficient  to  kill  a  350  gram  guinea-pig  in  just  four  days.  At  th(> 
Hygienic  Laboratory  at  Wa.shington ,  a  standard  toxin  and  antitf>xin 
are  preserved  under  special  conditions,  and  standard  toxin  and  anti- 
toxin, arbitrary  in  their  first  establishment,  are  kept  constant  by  being 
measun-d  against  eiu'h  other  from  time  to  time.  In  measuring  the  anti- 
toxic serum  thus  preserved,  at  the  Hygienic  Laboratory',  a  mixture  of 
one-tenth  of  a  unit  of  antitoxin  and  100  minimal  lethal  doses  of  the 
standard  toxin  must  contain  just  enough  free  poison  to  kill  the  guinea- 
pig  in  four  days.  This  L^.  dose  of  the  standaiti  toxin  is  given  out  to 
those  interested  commercially  orolherwisc  in  the  production  of  antit<jxin. 

In  measuring  an  unknown  antitoxic  senam  against  this  L^  do.s<'  of 
toxin,  a  large  number  of  mixtures  are  made,  oa<'h  containing  the 
L.^  dose  of  the  toxin  and  varying  quantities  of  the  antitoxin.  Dilu- 
tions must  always  be  made  with  O-S.")  per  cent  salt  solution  and  the 
total  quantity  injected  into  the  animals  should  always  Ix?  brought  up  to 

■  Rotenau  aivl  Anderton,  Pub.  Health  and  Mar.  Hosp.  Serv.  U.  S.,  Hyg.  Lab.  Bull. 
43,1906. 
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4  c.c.  with  salt  solution  in  order  to  equalize  the  conditions  of  concen- 
tration and  pressure.  The  mixtures  are  then  kept  for  one  hour  at 
room  temperature  in  diffused  light.  After  this  they  are  subcutaneously 
injected  into  a  series  of  guinea-pigs  weighing  from  300  to  400  grams. 
The  following  example  of  a  test  is  taken  from  the  article  by  Rosenev 
and  Anderson  quoted  above. 


No.  of 

Wd^t  of 

Guine»-pis 

(Grmms.) 

SOBCDTANBODS  ImBCnoN  Of  A 

MixTDRK  or 

Time  of  Death. 

pic 

Toxin 
(TastDoM). 

Antitosn. 

1 

2 

3 

4 

5 

360 
350 
350 
360 
350 

Gram. 
0.0006 
.0006 
.0006 
.0006 
.0006 

C.C. 

0.001 
.0015 
.002 
.0025 
.003 

2  days  4  hours 
4  days  1  hour 
Symptoms 
Slight  symptoms 
No  symptoms 

In  this  series  the  guinea-pig,  receiving  0.0015  c.c.  of  the  antitoxin,  died 
in  approximately  four  days;  0.0015  c.c.  therefore  represents  one-tenth 
of  an  immunity  imit. 

In  therapeutically  employing  antitoxin  for  prophylactic  purposes, 
about  1,500  units  should  he  employed. 


CHAPTER   XV 
LYSINS,  AGGLUTININS,  PRECIPITINS,  AND  OTHER  ANTIBODIES 

LYSINS 

In  the  immediately  preceding  sections,  we  have  dealt  solely  with 
immunity  as  it  occurs  where  soluble  toxins  play  an  important  part 
and  in  which  antitoxins  are  developed  in  the  immunized  subject.  There 
are  many  species  of  pathogenic  bacteria,  however,  which  stimulate 
the  production  of  little  or  no  antitoxic  substance  when  introduced  into 
animals,  and  the  resistance  of  the  immunized  animal  can  not,  therefore, 
be  explained  by  the  presence  of  antitoxin  in  the  blood. 

V.  Fodor,'  Nuttall,'  Buchner,'  and  others  had  in  ISSO  and  the  years 
following  carried  on  investigations  which  showed  that-  normal  blood 
serum  po.ssessod  the  power  of  killing  certain  of  the  pathogenic  bacteria. 
Nuttall,  working  under  the  direction  of  Fliigge,  made  the  important  dis- 
covery that  this  bactericidal  power  became  gradually  diminished  with 
time,  and  could  be  experimentally  destroyed  by  exposure  of  the  serum 
to  a  temperature  of  56°  C.  for  one-half  hour.  Buchner,  who  confirmed 
and  extended  the  ob.servations  of  Nuttall,  calletl  this  thermolabilc  .sub- 
stance upon  which  the  bactericidal  character  of  the  serum  seoiiicd  to 
depend  "alexin." 

Our  knowledge  of  the  bactericidal  action  of  .serum  was,  .soon  there- 
after, extensively  increased  by  the  discovery,  by  Pfeiffer  and  Isaeff,^ 
that  cholera  spirilla  injected  into  the  peritoneal  cavity  of  a  diolei-a- 
immune  guinea-pig  were  promptly  killed  and  almost  comi)leteiy  dis- 
solved. The  same  phenomenon  could  be  observed  when  the  spirilla, 
mixed  with  fresh  immune  .serum,  were  injected  into  the  peritoneum  of  a 
normal  guinea-pig. 

The  processes  ob.served  by  Pfeiffer  as  taking  place  intrapcritoncally 
werc  .soon  shown  by  Metchnikoff,^  Bordet,"  and  others  to  take  place, 
though  to  a  lesser  extent,  in  vitro.     Bordet,  furthermore,  observed  that 


>  V.  Fodor,  Dcut.  med.  Woch.,  1886.  »  Snttnll,  Zoit.  f.  IlyR..  1.S.S0. 

>  Biirhner.  Cent.  f.  Bakt.,  1889.  *  Pfeiffer  und  hneff.  Z«"it.  f.  Hyp.,  1894. 
'  Metchnil;oir.  .\nn.  ilo  I'inst.  Pnstpur,  1895.    «  Bordel.  WM.,  lS'.t.5. 
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the  bacteriolytic  digestive  power  of  such  immune  serum,  when  destroyed 
by  heating,  or  after  being  attenuated  by  time,  could  be  restored  by  the 
addition  to  it  of  small  quantities  of  normal  blood  serum.  It  could,  in 
other  words,  be  "reactivated"  by  normal  serum.  From  this  obser- 
vation Bordet  drew  the  conclusion  that  the  bactericidal  or  bacteriolytic 
action  of  the  serum  depended  upon  two  distinct  substances.  The  one 
present  in  normal  serum  and  thermolabile,  he  conceived  to  be  identical 
with  Buchner's  alexin.  The  other,  more  stable,  produced  or  at  least 
increased  in  the  serum  by  the  process  of  immunization,  he  called  the 
"sensitizing  substance."  This  substance,  he  believed,  acting  upon 
the  bacterial  cells,  rendered  them  vulnerable  to  the  action  of  the  alexin. 
Without  the  previous  prcparatorj'  action  of  the  "s(»nsitizing  substance  " 
the  alexin  was  unable  to  act.  Without  the  co-operation  of  alexin,  the 
"sensitizing  substance  "  produced  no  vi^i'jle  cfTects. 

Bordet's  interpretation  of  the  phcnoint-nou  of  lysis  differs  essentially 
from  that  of  Ehrlioh,  in  that  both  active  soruni  components  arc  con- 
ceived by  him,  though  independent,  to  act  directly  upon  the  bacterial 
cell.  A  few  years  later,  Bordet  was  able  to  show  that  exactly  analogous 
conditions  governed  the  phenomenon  known  as  "  hemolysis "  or  dis- 
integration of  red  blood  cells. 

It  h.ad  b(*n  known  fur  many  yeai-s  that  in  the  tnin.^fu.sion  of  blood 
from  an  animal  of  one  species  into  an  animal  of  another  si)ecies,  in- 
jury was  done  to  the  reil  corpuscles  which  were  intnnluced.  Oli.scrved 
in  the  test  tube,  the  red  cells  in  the  heterologous  .serum  were  seen  to 
give  up  their  hemoglobin  in  the  fluid,  tlie  mixture  taking  on  the  red 
transparency  characteristic  of  what  is  known  as  "  hiked  "  blood.  Hucli- 
ner,*  in  his  alexin  .studies,  had  shown  that  the  blood-cell  destroying 
action  of  the  normal  serum  was  subject  to  the  same  laws  as  the  bac- 
tericidal power  of  similar  serum,  in  that  it  was  destroyed  by  heating, 
and  he  assumed  that  both  tlie  l)acteriolyti<'  and  the  hemolytic  action 
of  normal  serum  were  due  to  the  same  "alexin."  MetchiiikofT,"  more- 
over, had  pointed  out  the  striking  analogy  between  the  two  phenomena 
as  early  as  18S9. 

Bordet'  now  observetl  that  the  blood  serum  of  guinca-i)igs  previou.sly 
treated  with  the  defibrinated  blood  of  rabbits  <lev<'l(>pc(l  marked  powers 
of  dissolving  rabbits'  corpu.sdes,  and  that  this  hemolytic  action  could 


*  Buchner,  Arch.  f.  nyp.,xvii.  1893;  Warembcrg,  Arcli.  d.'m<^l.  oxpor..  IS'tl. 
' Metchnikoff,  Ann.  de  l'in«t.  Pastoiir,  1889. 

*  Bordet,  Ann.  de  I'inst.  Pa.st<Mir.  t.  xii,  189.S. 
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Ix-  destroyed  by  heating  to  5B°  C,  but  "reactivated"  by  the  atidition  of 
fresli  normal  serum.  He  had  thus  produced  aii  imiuune  hemolysin, 
just  as  I'feiffer  had  produced  immune  bactcriolysin,  and  had  demon- 
strated the  compicU'  parallelism  which  existctl  between  the  two  phe- 
nomena. 

.V  practical  test-tube  method  was  thus  given  for  the  investigation  of 
the  lysins,  just  as  a  i»ractical  test-tube  inethod  for  antitoxin  researches 
hail  been  <levcloped  by  Khrlich  in  his  ricin-aiUiriciu  experiments. 

The  path  of  investigation  thus  pointed  out  by  Bordet  was  soon  ex- 
plored in  greater  detail  by  Ehrlich  and  Morgcnroth.'  The  reasoning 
which  Ehdich  had  applied  in  explaining  the  production  of  antitoxins 
was  thought,  by  these  observers,  to  be  equally  applicable  to  the  phe- 
nomena of  bact-eriolysis  and  hemolysis. 

Since  the  thertnolabile  sul>stancc  or  alexin,  renamed  by  Ehrlirh 
"  complement,"  was  alrcadj'  present  in  normal  serum  and  had  been  shown 
to  be  little,  if  at  all,  increased  during  the  process  of  immunization, 
this  .substance  could  have  but  little  relation  to  the  change.s  taking  place 
in  the  animal  body  as  immunity  was  acquired.  The  more  stable  serum- 
component,  however,  the  "substance  sensibilisatrice "  of  Bordet,  or, 
as  Ehrlich  now  called  it,  the  "immune  body,"  was  the  one  which  seemed 
six-cifically  called  forth  by  the  process  of  active  imnmnization.  IChrUrh 
argued,  thenlnre,  that  when  bacteria  or  blood  cells  were  injecteil  into 
the  animal,  certain  atom-groups  or  chemical  components  of  the  injected 
substances  were  united  to  other  atom-groups  or  "side  chains"  of  the 
protophism  of  the  tissue  cells.  These  "side  chains"  or  receptors,  then 
reproduced  in  excess  and  finally  thrown  fix-e  into  the  circulation,  con- 
stituted the  "immune  body."  The  immune  body,  therefore,  he  con- 
cluded, mu.st  possess  atom  complexes  which  endow  it  with  specific 
chemical  affinity  for  the  bacteria  or  re<l  blood  cells  used  in  its  pro<luc- 
tion.  This  contention  was  supported  by  Ehrlich  and  Morgenroth  by 
an  ingenious  series  of  experiments. 

Having  in  their  po.s.ses.sioii,  at  that  time,  the  blooil  serum  of  a  goat 
immunized  against  the  red  l>loo<l  cells  of  a  sheep,  they  inactivated  it 
(destroyed  the  complement  or  alexin)  by  heating  to  5(5°  C.  The  senmi 
then  contained  only  the  "substance  sensibilisatrice "  or  imnmnc  IhkIv. 
To  this  inactivated  serum  they  mlded  sheep's  red  corpuscles,  without 
obtaining  hemolysis.  Having  left  the  inactive  serum  and  the  sheep's 
corpuscles  in  contact  with  each  other  for  some  time,  they  separated 
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them  by  centrifugalization.  To  tlie  supernatant  fluid,  they  now  acldea 
sheep-blood  corpuscles  and  normal  p,ont  serum  (i-oniplcnient)  and  found 
that  no  hemolysis  took  place.  The  inimime  body  had  apparently  gone 
i  out  of  the  serum.  The  red  cells  which  had  been  in  contact  with  the  serum 
and  separate<l  by  the  centrifuge  were  then  washed  in  salt  solution  and 
to  them  complement  was  added  in  the  fomi  of  fresh  nonnal  seioim. 


Body  oil 


Fio.    57. — Ehrucb's  Conception  op  CELiy-RECEPTOHa,  Giving  Rise   to  Lytic 
boiDNE  Bodies  (Haptinbs  of  the  Trird  Order). 

Hemolysis  occurred.  It  was  plain,  therefore,  that  the  immune  body 
of  the  inactivated  serum  had  gone  out  of  solution  and  had  become  at- 
tached to  the  red  blood  cells,  or,  as  F.hrlich  e.vprcssed  it,  the  immune 
body  by  means  of  its  "haptophore"  atom-group  had  become  united 
to  the  corpuscles.    In  contrast  to  this,  if  normal  goat  serum  (containing 


Complament 


Cell  usad  for  immunijin^ 

■lO,    SS. — CoMPLiacENT,    Amboceptor    on   Immune    Bodt,    and    ."Vnttoen    on. 
Immcnizino  Substance. 

I  complement  only)  was  added  to  sheep  corpu-scles  and  sejjarated  again 

'  by  centrifugalization,  the  supernatant  fluid  was  found  to  be  still  capable 

of  reactivating  inactivated  serum  (immune  bod)') .    This  he  interpreted 

as  proving  that  the  complement  was  not  liound  to  the  corpuscles  directly. 

If   the   thi-ee   factors   concerned — corpuscles,    imnmne    body,    and 

[complement — were  mixed  and  the  mixture  kept  at  0°  C,  no  hemolysis 
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occurred;  yet,  centrifugidized  at  this  temperature,  immune  lx)dy  was 
found  to  have  become  bound  to  the  corpuscles,  the  complement  re- 
maining free  in  the  supernatant  fluid.  If  the  same  mixture,  however, 
was  exposed  to  37°  C,  hemolysis  promptly  oft-urred. 

From  this,  Ehrlich  concluded  that  complement  did  not  directly 
combine  with  the  corpuscles,  but  did  so  tiirough  the  intervention  of 
the  immune  bo<ly.  This  immune  botly,  he  rejwoned,  possessed  two  dis- 
tinct atom-groups  or  haptophores ;  one,  the  cytopiiilc  haptophore  group, 
with  strong  affinity  ft»r  the  red  blood  cell;  the  other,  or  compleinento- 
phile  haptophore  group,  with  wciiker  avidity  for  the  complement.  Be- 
cause of  this  double  combining  power,  Ehrlich  speaks  of  the  immune 
body  as  "{uiiboceptor."  These  views  are  graphically  represented  in 
Figs.  57  and  58. 

Thus,  according  to  Ehrlich  and  his  pupils  the  alexin,  or  comple- 
ment, acts  upon  the  antigen  indirectly  only  through  the  "z^vischen- 
koerper"  or  "amboceptor."  Bordct'  claims,  however,  and  in  our 
opinion  rightly  so,  that  this  conception  is  not  justified  by  observed  facts. 
The  only  thing  that  we  actually  know  is  that  alexin  or  complement 
does  not  go  into  union  with  the  unsensitized  antigen,  but  that  the  ac- 
tivity of  the  alexin  upon  the  antigen  is  mjide  possible  only  by  prelim- 
inary .sensitization  or  by  union  with  the  specific  antilwdy.  The  specific 
antibotiy  sensitizes  to  the  action  of  the  complement  but  is  not  neces- 
sarily a  sort  or  bridge  with  an  antigenophile  group  and  a  compiemento- 
phile  group.  The  difference  is  a  fundtmienta]  one,  and  it  would  seem 
to  us  that  Bordet's  view  is  more  conservative.  For  this  reason  it  seems 
better  to  refer  to  the  substances  involved,  alexin  or  complement,  as 
sen.sitizer  instead  of  amboceptor,  since  sensitizer  expresses  only  exactly 
what  happens,  whereas  junboceptor  implies  a  theory,  that  is,  inter- 
mediation of  this  substance  between  complement  and  antigen. 

AQGLUTININS 
Although  Metchnikoff  -  ami  Charrin  and  Roger '  had  noticed  pecul- 
iarities in  the  gro^rth  of  bacteria  when  cultivated  in  inmiune  sera,  wiiich 
were  unquestionably  due  to  agglutination,  the  first  recognition  of  the 
agglutimition  reaction  as  a  separate  fimction  of  immune  sera  was  the 
achievement  of  Gniber  and  Durham.  Wiile  investigating  the  Pfeiffer 
reaction  with  B.  coli  and  the  cholera  vibrio,  Clruber  ami  Durham  * 

'  liurdcl,  A  R<''8uin<^  of  Immunity  in  "Studies  in  Immunity."    Transl.  by  Gay, 
Wiley  &  Son,  1909.  =  MHchmkoff,  "Eludes  but  l'iraniunit6,"  IV  Memoir,  1891. 

•  Charrin  et  Roger,  Coinpt .  rend,  de  la  soc.  de  biol.,  1889. 

*  Gruber  und  Durham,  Mtincli.  med.  Woch.,  1896. 
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noticed  that  if  the  respective  ininiime  sera  were  added  to  bouillon  cul- 
tures of  these  two  species,  the  cultures  would  lose  their  turbidity  and 
flake-like  clumps  would  sink  to  the  bottom  of  the  tube,  the  supeniatant 
fluid  becoming  clear.  Gruber,  at  the  same  time,  called  attention  to  the 
fact  that  immune  sera  wo\iU!  affect  in  this  way  not  only  the  microor- 
ganism ustrd  in  their  production,  but,  to  a  less  energetic  extent,  other 
closely  related  bacteria  as  well. 

Widal,  veiy  soon  after  GrulKT  luid  Durham's  announcement,  ap- 
plie<l  the  agglutination  reaction  to  the  practical  diagnosis  of  typhoid 
fever,  finding  that  the  serum  of  patients  afflicted  with  this  disease 
showe<l  agglutinating  power  over  the  typhoid  bacillus  at  early  stages 
in  the  course  of  the  fever.  The  redaction,  thus  practically  applied  to 
clinical  diagnosis,  was  aoon  shown  to  be  of  great  importance  in  its 


Fia.  69. — MicHoscopic  Aooldtojation  REAcrioti. 


bearing  on  bacteriological  species  differentiation.  Since  animals  im- 
munized against  a  definite  species  of  bacteria  acr|uire  in  their  sera 
.specific  agglutinating  powers  for  these  bacteria  and  at  best  only  slight 
agglutinating  jxiwers  for  other  species,  immune  sera  can  be  used  ex- 
tensively in  differentiating  between  bacterial  varietie.-f. 

Agglutination  may  be  observed  nu'croscopieally  or  niacro.scopically. 
Bacteria  brought  into  contact  with  agglutinating  .serum  in  the 
hanging  drop  rapidly  lo.'ie  their  motility,  if  motile,  as  in  the  case  of 
typhoid  bacilli,  and  gather  together  in  snuvll  dumps  or  masses.  The 
microscopic  picture  is  striking  and  easily  recognized  and  the  reaction 
takes  place  with  var>'ing  speed  and  completeness,  according  to  the 
strengUi  of  the  agglutinating  serum. 

As  the  reaction  ajiproachcs  completeness,  the  clumps  grow  larger, 
16 
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individual  microorganisms  become  more  and  more  scarro,  finally 
leaving  the  medium  between  eluinps  entirely  clear.  While  the  eluuijiing 
of  a  motile  organimn  suggtwts  tliat  motility  has  something  to  do  with  the 
coming  tng(;thcr  in  rlumpM,  it  iicvertheieas  has  no  relation  whatever 
to  agglutinatinri,  innijlc  and  noii-motile  organisms  alike  being  subject 
to  the  reaction. 

Macroscopically  ol),s<Tv<'d,  in  small  test  tubes  or  capillary  tubes,  ag- 
glutination evidenrcs  itself  hy  the  fonmitinn  <if  Hake-like  masfles  which 


I 


111..  liO.  -  .\l.vi  iio.-.(  oin  .ViiciLi  Ti.NATiu.v.  Uilutioiis  from  1  in  10  to  1  in  l.OOU. 
The  first  tube  contains  a  I  :  20  control  with  the  bacteria  and  nomuil  senuu. 
Agglntination  complete  in  the  tubes  marked  JO,  20,  .Vi,  100. 

settle  into  irregular  heaps  at  the  bottom,  leaving  the  supernatant 
fluid  clear,  in  distinct  contract  to  the  eveiv  flat  sediment  and  the  clouded 
Bupematant  fluid  of  the  control.  Macroscopically,  too,  agglutination 
is  evidenced  when  bacteria  are  grown  in  l)ri>th  (o  which  immune  serum 
has  been  added.  Instead  of  eveidy  clouding  the  broth,  the  micro- 
organisma  develop  in  clumps  or  chains. 

Another  phenomenon  probably  produced  by  agglutinins  is  the  so- 
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led  "thread-reaction"  of  Pfaundler.'     This  consists  in  the  forma- 

jon  of  long  convoluted  threads  of  biicterial  groT\'th  in  the  lianginR  drop 

dilute  immune  serum  after  twenty-four  hours.    Very  strict  specificity 

attributed  to  this  reaction  by  Pfaunillir. 

Agglutinins  act  upon  dead  fus  well  a^  upon  living  bacteria.    For  the 

licroscopic  te.sts  bacterial  emuisioms  killed  by  fonnalin  were  intro- 

Juced  by  Neisser. 

Ficker  *  has  recently  succeeded  in  preparing  an  emul.iion  of  tj^jhoid 
l>acilU,  which  is  pennanent  and  may  be  kept  intlefiniteiy,  and  may  lie 
iployed  for  macroscopic  agglutinations.* 
Attention  has  been  called  by  vario\is  workers  to  a  source  of  error  in 
ill  these  methmls,  known  as  p.seudo-cluniping.*  The  causes  for  such 
ehmiping  not  due  to  agglutinins  seem  to  lie  in  the  presence  of  blood  cells 
in  the  serum  or  excessive  acidity  of  the  culture  medium.*  In  fact,  ag- 
glutination of  bacteria  by  aci{is  in  definite  concentration  can  be  carried 
Jut  and  seems  to  depend  directly  upon  the  hydrogen  ion  concentration. 
Wlnle  the  microscopic  methods  are  more  suitable  for  clinieal-diag- 
3stic  purposes,  Ix-caase  of  the  smalfer  amounts  of  lilood  required,  the 
lacroscopic  tests  are  far  preferable  for  the  purposes  of  bacterial  differen- 
ition  and  research.  Greater  exactitude  of  dilution  is  possible  when 
lealing  with  larger  quantities;  microscopic  unevemiess  in  the  bacterial 
lulsion  does  not  become  a  source  of  error;  and  positive  and  negative 
•actions  are  more  sharply  defined. 
Nature  of  Agglutinins. — Cirulier  and  Durham,*  the  discoverers  of  ag- 
glutinins, at  first  advanced  the  opinion  that  the  agglutinins  were  iden- 
tical with  the  immune  body  concerned  in  the  PfeiiTer  reaction,  which  by 
injuring  the  bacteria  rentlered  thcin  susceptible  to  the  alexins.    I'feiffer  ' 

I  fend  Koile  '  soon  showed,  however,  that  by  the  addition  of  cholera  vibrio 
EG  immune  serum,  the  agglutinins  could  be  completely  absorbed,  or  used 
lip,  while  bact^riolj'tic  sulistanc'cs  still  rcnuiineii.  The  same  authors 
pemoastrated  that  inunune  serum,  preserved  for  several  months,  would 
lose  its  agglutinins  without  a  corresponding  los-s  of  bacterioljlic  power. 
It  has  been  variously  showii  since  then,  by  these  and  other  authors, 
that  the  agglutinins  and  the  bactericidal  sul^stances  are  in  no  way  parallel 

'  PfiiurulUr,  C«ut.  f.  Biikt.,  xxiii,  1S»8.        '  Ficker,  Berl.  klin.  Wooh.,  1903. 

'  Exact  method  of  production  of  "Fioker's  DiaRnosticum"  is  a  proprietary  Becret. 

*Sat>aife,  Jour,  of  Piitb.  and  Buct.,  1901. 

*Bm*  and  Park.  Anur.  Ji.ur  of  Mwi.  Sci.,  1.S97;  Block,  Brit.  Med.  Jour.,  1897. 

•  Loc.  cit.  '  PfriffiT,  Deut.  rned.  Wooh..  1896. 

•  Pfeiffer  und  Kolle,  Cent.  f.  Bakt.,  xx,  1896. 
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in  their  development,  und  (hsit  strongly  agglutinating  sera  may  be  ex- 
tremely weak  in  Ijacterieidal  s\ibstance.s  ami  vice  vcma.  We  ourselves 
are  not  at  all  sure  that  this  proves  sufficiently  that  agglutinins  and 
bacteriolysins  are  distinct  substanres.  Whether  or  not  agglutinins 
possess  any  ilirect  protective  function  can  not  at  present  Ix-  stated 
with  certainty.  Metchnikoff  '  assigns  to  them  a  purely  seconflary  rdle. 
As  a  matter  of  fact,  agglutinated  Ijacteria'  are  not  killetl  by  the  act 
of  agglutination  and  are  often  as  virulent  as  non-agglutinated  cultures. 
Recent  work  by  Bull  seems  to  indicate  that  bacteria  are  agglutinated 
in  tdvo  as  a  sort  of  preliminary  step  to  phiigocjiosis. 

The  agglutinins,  furthennore,  unlike  the  bactericidal  substances  in 
sera,  remain  active  after  exposure  to  temperatures  of  over  55"  C,  some 
of  them  withstanding  even  65°  to  70",  and  can  not  l)e  reactivated  by  the 
subsequent  addition  of  normal  serum.  These  facts  definitely  preclude 
the  participation  in  the  reaction  of  the  alexin  or  complement  and  have 
an  important  bearing  upon  Ehrlich's  views  of  their  structure'  (p.  238). 

As  a  result  of  these  and  a  multitude  of  other  studies,  the  agglu- 
tinins have  come  to  be  regarded  as  separate  antibodies,  closely  related 
to  the  precipitins. 

The  agglutinins  may  be  chemically  precipitated  out  of  senim  to- 
gether with  the  globulins.  They  do  not  dialyze.  Bordet  *  made  the 
observation  that  agglutinins  do  not  act  in  the  absence  of  NaCl.  Whether 
the  presence  of  the  salt  aitls  the  reaction  in  a  chemical  or  purely  physicivi 
way,  as  Bordet  supposi-d,  is  uncertain. 

Production  of  Agglutinins. — Just  as  normal  sera  contain  small  quan- 
tities of  bactcricidjil  substances,  so  do  they  contain  agglutinins  in  small 
amount.  In  a  general  way  these  "nonnal  agglutinins"  have  the  same 
nature  as  the  immune  agglutinins,  and  their  presence  is  probably  trace- 
able to  the  various  microorgjinisms  parasitic  upon  tlie  human  and 
animal  body. 

As  a  matter  of  fact,  the  blood  serimi  of  new-bom  guinea-pigs  hardly 
ever  contains  agglutinin  for  B.  coli,  while  that  of  adults  acts  upon  these 
bacilli  in  dilutions  of  I  :  20.*  Similarly,  infants  show  lower  nonnal  ag- 
glutinating values  than  adults.' 

^  Melrhnikoff.  "L'Immimit<*,"  etc.,  1901,  p.  214. 

•  Mesnil,  .\nn.  <le  I'inst.  Pasteur,  1898. 

•  Pane,  Cent.  f.  Bakt.,  1897;  Trumpp.  Arch.  f.  Hyg.,  1898;  FiraUr,  Zeit.  f.  Hyg., 
xxjv.     *  Bordel,  .\nn.  de  I'inrt.  Pa-iteur,  1S99. 

•  Krau*  uiwl  Law,  Gescll.  il.  Aerate,  Wien,  1899. 

•  PfauitdUr,  Jahrb.  f.  Kinderheilk.,  Bd.-50. 
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gglutinins  may  be  produced  in  the  sera  of  animals  by  the  intro- 
duction of  microorRanisnis  subinitaneously,  intravenously,  or  intraperi- 
neally.  The  intravenous  method  seems  to  give  the  most  abundant  and 
,y  results.'  The  formation  of  agglutinins  is  a  reaction  to  the  hody- 
itances  of  the  bacteria  themselves,  ratlitr  than  to  their  toxic  prod- 
ucts. Thus  agglutinins  are  produced  in  response  to  the  introduction 
of  deafl  bact-cria  and  soluV)k'  extracts  tjf  cultures.  Pathogenicity^  does 
not  influence  agglutinin  foniiatiun  to  tiny  great  extent,  non-pathogenic 
as  well  as  pathogenic  giving  rise  to  these  substances  in  serum.  As  a 
rule,  however,  agglutinins  are  more  easily  produced  agaiast  avirulent 
than  against  fully  virulent  straias  of  liacteria  of  the  same  species. 

Agglutinins  can  be  produced  with  all  the  known  bacteria,  but  great 
difficulty  may  be  experienced  in  producing  them  with  capsulated  or- 
ganisms such  as  the  pneumococcus  mucosuin  and  the  Friedltinder  bac- 
illus, since  the  capsule  seems  to  insulate  such  bacteria  against  reactions 
wth  serum.  It  is  possible  to  agglutinate  such  capsulated  bacteria 
often  only  by  the  method  of  Purges,  the  preliminary  destruction  of 
the  capsule  with  weak  acid  and  heat.  As  a  rule,  the  agglutinins  appear 
in  the  blood  of  animals  three  to  six  d.ays  after  the  introduction  of  bac- 
teria. From  the  third  to  the  sixth  day  they  rapidly  increase  to  a  max- 
imum at  the  seventh  to  thirteenth  ilay.  They  then  fall  off  rapidly 
until  they  reach  a  level  at  which  they  remain  for  a  long  period  without 
very  considerable  change.  Curves  to  illustrate  these  phases  have  been 
constructed  by  Jorgeasen  and  Madsen.* 

The  Reaction  between  Aggrlutinln  and  Aggflutinin-Stimiilatinjr  Sub- 
stances {Ayyhdinogrn) .^'r\n-  fact  that  agglutinin  ean  be  removed  from, 
or  ab8orbe<i  out  of,  serum  by  the  specific  bacilli  which  have  led  to  its 
formation  indicat^'s  that  there  is  in  the  act  of  agglutination  a  combi- 
nation between  the  agglutinin  and  the  agglutinin-stinnilating  substance 
(agglutinogen).  It  is  likely  that  this  combination  is  of  a  chemical  na- 
ture, since,  as  we  have  mentioned,  agglutinins  result  from  the  injection 
of  bacterial  extracts  as  well  as  from  the  introduction  of  living  bacteria. 
The  probability  that  the  process  follows  chemical  laws  of  combination 
is  furthermore  strengthened  liy  the  work  of  Joos  *  and  others,  who 
have  demonstrated  that  definite  quantitative  relations  exist  between 
the  agglutinin-stimulating  suiistances  and  the  agglutinins.  Every 
agglutination   reaction,    therefore,  will  vary  in   its   degree   of   com- 

'  Hoffmann,  Hyg.  Riinikclmu,  1903.  '  XicoUf.  ,\tm.  de  I'inst.  Pasteur,  1898. 

*  Jorgeimrn  and  MaiUen,  Fest.schrift,  K<Ji>c"nbagen,  1902. 

*  Joo*,  Zeits.  f.  Hyg.,  xxxvi,  1901. 
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picteness  with  the  quantities  of  agglutinin  and  agghitinogen,  a  fact 
which  makos  it  necessary,  especially  for  fliniral  tcstn,  to  preserve  a 
certain  uniformity  in  the  quautity  and  density  of  the  bacterial  culture 
or  emulsion  employed. 

Spkcikicity, — From  the  vei-y  beginning,  (irubor  and  Durham  '  had 
claimed  s|K'cificity  for  the  agglutination  reaction,  and  in  this  sense  it  was 
clinically  utilized  by  Widal  foe  the  diagnosis  of  typhoid  fever.  It  was 
noticetl,  however,  even  by  these  earliej^t  workers,  that  the  serum  of  an 
animal  immunized  against  one  microorganLsm  woidd  often  agglutinate, 
to  a  less  potent  degive,  other  closely  related  species.  Thus,  the  serum 
of  a  typhoid-immune  animal  may  agglutinate  the  typhoid  bacillus  in 
dilutions  of  1  :  1,000,  and  the  colon  bacillus  in  dilutions  as  high  as  1  :  200; 
while  the  agglutinatmg  power  of  normal  serum  for  the  colon  l)acillu.s 
rarely  e.vceeds  1  :  20.  The  specificity  of  the  reaction  for  practical  pur- 
poses, thus,  is  not  destroyed  if  proper  dilution  is  carried  out,  the  degree 
of  agglutinin  formation  Ix-ing  always  far  higher  for  the  specific  organism 
used  in  immunization  than  it  is  for  alhed  organisms.  The  specific 
immune-agglutinin  in  .such  experiments  is  spoken  of  as  the  chief  ag- 
glutinin (hauptaggiutinin),  and  the  agglutinins  formed  parallel  with  it, 
as  the  partial  agglutinin  (metagglutinin),  terms  introduced  by  Wa'<«<T- 
mann.  Hiss  has  spoken  of  these  jis  major  and  minor  agglutinins.  The 
relative  quantities  of  the  sjn'cific  chi<'f  agglutinin  and  partial  agglutinins 
present  in  any  immune  st'rum  depend  upon  the  indiviikial  cultures  used 
for  immunization,  and  the  phenomenon  is  probably  dependent  upon 
the  fact  that  certain  elements  in  the  complicated  bacterial  cell-body 
may  l>e  common  to  several  s[>e(-ies  and  find  conmion  receptors  in  the 
animal  body.  Whenever  an  inmmne  serum  agglutiiuites  a  number  of 
members  of  the  group  relat<'d  to  the  specific  organism  used  for  its  produc- 
tion, the  reaction  is  spoken  of  "group  agglutination." 

The  partial  agglutinins  (motagglutinins)  have  been  extensively 
sluilied  by  Castellani '  ami  others,  Ijy  a  methotl  spoken  of  as  the  "alv 
sorption  method."  This  consists  in  the  separate  a<liiition  of  bacterial 
emulsions  (aggluf  inogen.s)  of  the  various  species  concerned  in  a  group 
agglutination,  to  the  agglutinating  senmi.  In  this  way,  six-cific  and  par- 
tial agglutinins  can  be  separately  removed  from  the  imnmne  serum  by 
absorption — each  by  its  corresponding  agglutinogen.  In  such  experi- 
ments all  agglutiiuns  will  be  reinoveij  by  the  organisms  ased  for  im- 

>  Oruher  und  f>urluim,  \nc.  cit. 
'CaaUOaiu,  ZeiU.  f.  Hyg.,  xl,  1902. 
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inimization,  a  partial  removal  only  resulting  from  the  addition  of  allied 
strains.  This  method  ha-s  thrown  much  light  upon  tiie  intimate  relations 
existing  between  members  of  various  bacterial  species,  and  has  l»een 
particularly    valuable   in    the   study    of    the    typhoid-colon-dyscntery 

up.      It  is  important  to  mention,  however,  that  "groups"  as  de- 
[tcrmined  by  agglutination   tests  do  not  always  correspond  to  classi- 
cations  depending  ui>on  mortJhologicul  and  cultural  characteristics. 

Au  interesting  phenoniejion  of  great  practical  importance,  which 
been  noticed  by  a  number  of  ob.servers,  and  which  may  often  be 
encountered  in  routine  agglutination  tests,  is  the  frequent  failure  of  a 
stronglj'  agglutinating  serum  to  produce  agglutination  if  used  in  concen- 
tration, while  in  dilutions  it  produces  a  characteristic  reaction.  This  has 
Ijeen  explained  theoretically  by  what  is  known  as  the  "  proagglutinoid 
zone."     It  is  assumed  that  agglutinins  may  deteriorate  as  do  toxins  and 

converted  into  substances  which  are  capaljle  of  combining  with  agglu- 
nogen  without  causing  agglutination.     Such  substances,  as  we  will 

in  discussing  Ehrlich's  views  on  the  .structure  of  agglutinins,  may 
havd  a  stronger  affinity  for  agglutinogen  than  the  agglutinins  them- 
selves, and  are,  therefore,  termed  "(jroagglutinoids."  In  strongly 
agglutinating  sera  these  proagglutinoids  may  l>o  present  in  considerable 
quantities  and  prevent  the  combination  of  agglutinin  with  agglutinogen. 
In  dilution,  this  proagglutinoid  action  would  naturally  become  weaker 
d  of  no  actual  significance  in  obscuring  the  reaction. 

Agglutination,  like  other  immune  plicnomena,  is  a  manifestation  of 
broad  biological  laws  and  not  limited  tu  bacteria.  Thus,  as  hemolysins 
are  produced  by  the  ini<'Ctinn  of  rett  tilood  cells,  so  hemagglutinins,  or 
substances  which  clump  together  red  blood  cells,  are  similarly  formed. 

The  theoretical  considerations  concerning  the  nature  of  agglutinins 

discussed  below,  together  witli  a  similar  section  on  the  precipitins. 

PRECIPITINS 
R.  Kraus,'  of  Vienna,  demonstrated  that  the  sera  of  anunals  im- 
lunized  against  B.  pestis,  B.  typhosus,  and  Vibrio  cholerae,  when 
lixed  with  the  clear  filtrate  of  bouillon  cultures  of  the  respective  or- 
is, produce  macroscopically  visible  precipitates.  These  precipi- 
occurred  only  wOien  filtrate  and  immune  sermn  were  homologous, 
I.  e.,  when  the  animal  from  which  the  sermn  had  been  obtained  had  been 
iimnunized  by  the  same  species  of  microorganism  as  that  which  was 
used  in  the  test;  it  was  for  this  reason  Kraus  spoke  of  them  as  "specific 

*  Kraus,  Wica.  kliii.  Woch.,  1897. 


zor 

: 

ha 
sel 
ag| 
qu 

r 


236  INFECTION  AND  IMMUNITY 

precipitates."  It  was  evident,  therefore,  that  during  the  process  of  active 
immunization  with  these  organisms,  a  specific  antibody  had  been  pro- 
duced in  the  serum  of  the  treated  animal,  which,  Ix'causp  of  its  precipitat- 
ing quality,  was  named  "precipitin."  This  peculiar  reaction  was  soon 
found  to  hold  good,  not  only  for  the  bacteria  used  by  Kraus,  but  also  for 
other  bacteria,  few  failing  to  stimulate  the  production  of  specific  precipi- 
tins in  the  sera  of  immunizeit  animals.  The  phenomenon  of  precipitation, 
however,  is  not  limited  to  bacterial  immunization,  but  has  been  found, 
like  the  phenomena  of  agglutination  and  lysis,  to  depend  ufmn  biolog- 
ical laws  of  broad  application.  Thus,  Bordet '  found  that  the  blood 
serum  of  rabbits  treated  with  the  aeriun  of  the  chicken  gave  a  specific 
precipitate  when  mixed  with  chicken  serum.  Tchi.stovitcli-'  demon- 
strated a  similar  reaction  with  the  sera  of  rabbits  treated  with  horse  and 
eel  sera.  By  the  injection  of  milk,  Wassermann,'  Schiitze,*  and  others 
produced  an  antibody  which  precipitated  tiie  ca.sein  of  the  particular 
variety  of  milk  employed  for  immunization.  The  reaction  was  thas 
applicable  to  many  allniminous  substances.  These  substances,  because 
of  their  preripitin-stiniulating  quality,  are  called  "precipitinogens." 

Nature  of  Precipitins, — The  precipitins,  Hke  the  agglutinins,  may  be 
inactivated  by  heating  to  from  60°  to  70°  C,  and  can  not  \ye  reactivated 
by  the  addition  of  normal  serum  or  by  any  otlier  known  method. 
Such  inactivated  precipitin,  however,  while  unable  to  produce  precipi- 
tates, has  not  lost  its  power  of  binding  the  precipitinogen.  This  is 
shown  by  the  fact  that  the  inactivatwl  precipitin,  when  mixed  with  pre- 
cipitinogen, will  prevent  subsequently  added  fresh  precipitin  from  caus- 
ing a  reaction.  From  the.se  facts  the  conclusion  has  been  drawn  that 
precipitin,  like  toxin,  is  built  up  of  two  atom  groups,*  a  stable  hap- 
tophore  and  a  labile  precipitojihore  group.  By  tlie  destruction  of  the 
latter,  an  inactive,  yet  neutralizing  substance  is  produced  which  is 
spoken  of  as  "precipitoid."  The  precipitoids,  like  protoxoida,  have 
a  higher  affinity  for  precipitinogen  than  the  unchanged  precipitin,  and 
thus  are  able  to  prevent  the  action  of  these. 

Our  own  opinion  would  rather  incline  toward  regarding  the  pre- 
cipitins a.s  identical  in  structure  with  .sensitizer  or  amboceptor — being 
in  fact  "alburainolysins"  in  the  sense  of  Ciengou.     This  problem  is  too 

>  Borda,  Ann.  de  Tinst.  Pasteur,  \fm. 

■  Tchislontch,  Ann.  de  I'inst.  Pasteur,  1899. 

•  Wataermann,  Deut.  mcd.  Woth.,  20,  1900. 

*SchuUc,  Zeit.  f.  Uyg.,  1901. 

'  Kraua  und  v.  Pirquet,  Cent,  f .  Bakt.,  Orig.  Bd.  xxxii. 
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complex  to  be  discussed  in  detail  in  a  summary  of  immunity  as  brief 
as  the  OHP  here  presented. 

Specificity. — The  specificity  of  precipitins  is  a  question  of  the 
greatest  importance,  since,  as  we  shall  see,  these  bodies  have  been  used 
extensively  for  the  differentiation  of  animal  proteids.  In  regard  to 
bacterial  precipitins  it  may  be  said  that,  just  as  in  agglutination,  there 
is  in  precipitation  a  certain  degree  of  "group  reaction."  The  pre- 
cipitin obtained  with  a  colon  bacillus,  for  instance,  will  cause  precipita- 
tion with  culture-filtrates  of  closely  allied  organisms,  though  in  a  less 
marked  degree.  According  to  Kraus,  such  confusion  may  be  easily 
overcome  by  the  proper  use  of  dilution  and  quantitative  adjustment, 
similar  to  that  used  in  agglutination  tests.  Norris'  found  that  the 
precipitates  given  by  immune  sera  with  the  filtrates  of  the  homologous 
bacteria  were  invariably  heavier  than  those  given  with  allied  strains 
and  that  the  latter  could  be  eliminated  entirelj'  by  sufficient  dilution. 

Specificity  becomes  of  still  greater  importance  in  the  forensic  use 
of  the  precipitin  reaction  introduced  by  Uhienhuth,^  Was-sermann  and 
Schiitze,'  and  Stern.*  The.se  authors  found  that  the  precipitin  reaction 
furnished  a  means  of  distinguishing  the  blood  of  one  species  from  that 
of  another.  Thus,  blood  spots,  dissolved  out  in  normal  salt  solution, 
could  be  recognized  by  this  reaction  as  originating  from  man  or  from 
an  animal,  even  after  months  of  drying  and  in  dilutions  as  high  as  1 :  5t),- 
000.  Since  the  value  of  this  test  dei)ends  entirely  upon  the  strict 
specificity  of  the  reaction,  this  question  has  been  studied  with  especial 
care,  notably  by  Nuttall.'  All  who  have  investigated  the  subject  find 
the  only  important  source  of  confusion  in  the  blood  of  the  anthropoid 
apes.  The  specificity  of  the  reaction,  too,  has  been  found  to  depend  very 
closely  upon  the  amount  of  precipitin  in  the  senun  employed.  If  a 
highly  immune  serum  is  insufficiently  diluted,  the  reaction  loses  much 
of  its  specific  value.*  This  source  of  error  is  easily  eliminated  in  practice 
by  careful  control  and  titration  of  the  sera  used  for  the  tests: 

Unlike  agglutinins,  precipitins  have,  so  far,  not  been  demonstrated 
in  normal  sera.' 

'  Norris,  Jour.  Inf.  Dis.,  i,  3,  1904. 

«  Uhh-nhulh,  Deut.  med.  Woch.,  xJvi,  1900;  vi  and  xvii,  1901. 

'  WuMcrmatin  und  tSchuUe,  Deri.  klin.  Woch.,  vi,  1901. 

*Stem,  Dcut.  mod.  Woch.,  ItlOl. 

*NuttnU,  Brit.  Med.  Jour.,  i,  1901;  ii,  1902. 

•  KuUt  und  Wolff,  Zeit.  f.  Medizinal-Beamte,  1902. 

'  Kraus,  loc,  cit,,  and  Norru,  loc.  cit. 
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Theoretical  Oonsideratioos  Concemmg  Agglutinins  and  Precipitins. — 

We  have  strn  tliut  Elirlirli  evolved  hLs  thuorios  of  antibody  forma- 
tion from  his  early  views  upon  the  absorption  of  nutritive  substances  by 
the  body  cells,  and  we  have  followed,  in  more  or  less  detail,  the  st<>p.s  of 
his  rcasoning  as  he  developed  his  hv-pothesia  in  its  application  to  the 
antitoxic  and  the  lytic  substances.  There  still  remained  the  agghitbins 
and  precipitins,  bodies  which  boeniise  of  their  individual  characteris- 
tics can  be  classed  neither  with  the  group  of  antitoxic,  nor  with  that  of 
the  lytic  substances.  These  two  antiboilies,  while  by  no  means  identical, 
possess  the  common  characteri.stica  of  being  more  thermostable  than  the 
bacteriolytic  substances,  and  of  bemg  insusceptible  to  reactivation  by 
aonnal  serum.  It  is  plain,  therefore,  that  both  agglutinating  and 
precipitating  reactions  take  place  without  the  co-operation  of  comple- 
ment.    The  substances  which  give  rise  to  precipitins  and  agglutinins, 


.  — A44lutlnin 
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moreover,  are  not  of  the  relatively  simple  soluble  character  of  the  toxins, 
but  are  intrinsic  portions  of  complex  albuminous  molecules,  comparable 
to  and  often  identical  with  the  true  nutritive  substances.  For  these 
reasons  Ehrlich  believes  that  the  rcll-ix-ceptors  for  the  various  substances 
which  give  rise  to  agglutinins  and  precipitins  are  neither  of  the  simple 
Btructun-  of  the  toxin  receptor,  nor  of  the  double-haptophore  nature  of 
the  l)acteriolytic  receptors,  but  contain  a  single  haptophore  group  for 
the  anchorage  of  the  ingested  material  and  at  the  same  time  a  constantly 
attached  zymophore  group  or  ferment  by  means  of  which  the  an- 
chored substiince  is  transformetl  preparator}'  to  its  absorption  by  the 
cell  protoplasm.  For  the  sake  of  clearness,  this  form  of  receptor  may 
be  compared  to  a  bact^'riolytic  or  hemolytic  amboceptor  with  a  per- 
manently attached  and  inseparable  complement. 

Three  forms  of  receptors,  then,  are  proposed  by  Ehrlich  in  explana- 
tion of  all  known  varieties  of  antibodies.    The  first,  the  simplest  side 
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chains  of  the  body  cells,  he  calls  "  receptors  or  haptinca  of  the  first  order." 
These,  overproduced  and  cast  off,  constitute  the  antitoxin  and  autifer- 
mcnts.  Next  "haptincs  of  the  second  order"  arc  the  receptors  planned 
both  for  the  anchorage  and  further  digestion  of  antigens.  These,  free 
in  the  ciiculation,  are  the  precipitins  and  agglutinins.  "Haptines  or 
receptors  of  the  third  order"  are  merely  able  to  anchor  a  suitable  sub- 
stance, but  exert  no  further  action  upon  it  until  re-enforced  by  the  com- 
plement normally  present  in  the  serum.  These,  free  in  the  circulation, 
with  a  chemical  group  having  aviditj-  for  the  antigen,  and  another 
compjementophile  group,  are  tlie  amboceptors  or  inmiune  bodies  of 
bacteriolytic,  cytolytic,  and  heraolyiic  sera.     {See  Fig.  62.) 

It  is  plain  that  all  these  receptors  while  still  parts  of  their  respec- 
tive cells,  serve  by  their  chemical  affinity  to  attract  and  hold  the  foreign 
substances  injected;  freely  circulating,  on  the  other  hand,  they  serve 
in  preventing  the.se  substances  from  reaching  the  cells.  As  Behring 
has  aptly  expressed  it,  the  very  elements  which  situated  in  the  animal 
cells  render  the  body  susceptible  to  toxic  substances  serve  to  protect 
when  circulating  freely  in  the  blood. 

Bordet,'  at  present  the  strongest  antagonist  of  Ehrlich's  point  of 
view,  claims  that  the  conception  of  Ehrlich  rests  upon  the  basis  of  a 
number  of  undemon.strated  hjpotheses.  He  a.s.scrt.s,  and  with  justice, 
that  it  has  never  been  showii  beyonrl  question  that  the  antibodies, 
free  in  the  serum,  are  identical  with  the  receptors  of  the  body  cells 
upon  which  the  antigen  originally  acts. 

In  regard  to  agglutinins,  Ehrlich,  as  we  have  seen,  b»?lieves  that  it  is 
the  agglutinin  itself  which,  first  uniting  with  its  antigen  by  its  hap- 
tophore  group,  then  cau.ses  clumping  by  its  zvmophore  group.  Now, 
as  a  matter  of  fact,  Bordet'  has  shown  that  it  is  not  the  agglutinin  itself 
which  agglutinates,  but  that  agglutinin  with  its  antigen  forms  a  com- 
plex which  is  then  agglutinable  by  the  .salt  present  in  the  solution.  This 
conclusion  seem.s  borne  out  b\'  the  later  work  of  ticngou,'  Landstciner 
and  Jagic,*  and  others,  who  have  shown  that  bacteria  which  have  ab- 
sorbed other  sub.stances,  such  a.s  uranium  compounds,  colloidal  silicic 
acid,  etc.,  are  subsequently  agglutinable  by  salts.  In  conseciuence, 
from  these  and  other  observations,  Bordet  concludes  that  it  is  neither 
necessary  nor  accurate  for  the  explanation  of  these  phenomena,  to 

■  Bordet,  R&min6  of  Immunity  in  Bordet's"  Studies  in  Immunity,"  transl.  by  Ga^, 
Wiley  &  Sons,  1909. 

»  Bordet.  Ann.  de  I'inst.  Pasteur.  JS99.  'Gengoit.  Annat.  Past..  1904. 

*Landa(^ner  und  Jame.  Wien.  klin.  Woch.,  iii,  1904. 
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ae  the  conditions  conceived  by  Elirlich,  but  that  the  phenomenon 
^1^5glutination  consists  primarily  of  tlie  union  of  the  antibo<ly  %vith  its 
[antigen  in  a  colloidal  suspension,  and  that  the  actual  subsetjuent  agglu- 
Itination  is  a  purely  secondary  phennnienon  which  depends  possibly 
hupon  a  change  in  the  physical  properties  of  the  emulsion — upon  "its 
[colloidal  stability."    A  similar  condition  he  assumes  for  precipitins. 
Without  being  able  in  tlie  limited  .space  available  to  go  into  a  de- 
iiled  discussion  of  the  large  volume  of  work  which  has  appeared  on 
'  this  subject,  we  may  say  that  it  is  our  opinion  at  present  that  the  evi- 
dence largely  points  in  the  direction  inilicatetl  by  Bordet,  namely,  that 
the  essential  feature  of  all  these  reactions  is  the  specific  union  of  an 
antigen  with  its  antibody,  that  thereby  the  physical  or  chemical  con- 
dition of  the  antigen  is  so  changed  that  it  now  becomes  less  stable  and 
is  agglutinated  or  precipitated  by  such  physical  influences  as,  for  in- 
I^Btance,  the  presence  of  an  electrolyte.    The  work  of  Nei.sser  anti  Fried- 
t  mann  ■  has  shown  that  bacteria  that  iiave  ab.sorbed  agglutinin  are 
agglutinated  by  concentrations  of  salt  far  less  than  is  necessary  to  ag- 
glutinate or  precipitate  the  nonnal  bacteria. 

Our  own  opinion,  set  forth  in  a  number  of  experimental  studies, 
would  go  even  further  than  this.  We  incline  to  the  belief  that  all 
antibodies,  including  the  so-called  ainlwceptors  or  sensitizers  that  take 
part  in  the  phenomena  of  lysis  and  bactericidal  action  are  essentially 
of  one  type;  that  the  fundamental  phenomenon  is  the  union  of  the  anti- 
gen with  the  specific  antibotly  or  its  "sensitization;"  that  by  such  sen- 
sitization the  antigen  is  now  rendered  on  the  one  hand  more  easily 
agglutinable  or  precipitable,  on  the  other  may  be  rendered  more  amen- 
able to  the  action  of  the  ale.xin  or  complement  or  to  phagocytosis. 
The  agglutination  and  precipitation  phenomena,  moreover,  are  merely 
evidences  of  the  fact  that  the.se  subst^iinces  are  in  colloidal  suspension 
and  are  influenced  by  agencies  which  produce  precipitations  in  such 
suspension.  It  is  interesting  to  note  in  this  connection,  also,  that  bac- 
teria in  neutral  suspension  carry  negative  charges  which  can  be  weak- 
ened by  sensitization  with  sermn  and  weakened  or  reversed  by  the 
addition  of  acid.  These  points  tend  to  strengthen  such  a  point  of  \'iew. 
The  degree  of  acidity  neces-sary  to  reverse  the  normal  negative 
charge  of  bacteria  corresponds  roughly  to  that  at  which  growth  is  inhib- 
ited. This  has  led  me  to  speculate  whether  or  not  vitality  of  bacteria 
and  the  negative  charge  may  be  related. 
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FURTHER   FACTS  AND  THEORIES    CONCERNmO   ANTIBODIES 
AND    COMPLEMENT 

Multiplicity  of  AmbcMwptora. — Fresh  normal  serum,  as  Nuttnll '  was 
first  t(t  sliow,  posMcsscs  inodtTjitc  liactpriciilal  powers  which  arc  lost 
when  the  serum  is  suhjected  to  heat.  Since  such  inactivated  normal 
soruin  can  be  reactivat«i  by  the  addition  of  fresh  peritoneal  exudates,* 
it  is  plain  that  the  bacterieitlal  jiowcr  of  normal  serum  nmst  depend, 
like  that  of  imnuine  serum,  uimn  amboceptor  and  complement.  But 
nonnal  serum  often  exerts  lytic  powers  upon  several  species  of  bacteria, 
or,  in  the  case  of  hemolytic  tests,  upon  the  ret!  blood  cells  of  several 
sfK'cies  of  animals.  It  is  supposed  that  this  multiplicity  of  action  is 
due  to  the  presence  in  the  nonnal  serum  of  a  variety  of  different  amlx>- 
ceptors  or  immune  bodies.  The  method  for  proving  this  was  devised 
by  Ehrlieh  ami  Morgem-oth.-'  They  w(>rke<t  witli  normal  goat's  serum, 
which  has  the  power  of  hemolyzing  the  red  blood  cells  of  guinea-pigs 
as  well  as  those  of  rabbits.  Goat  serum,  inactivated  by  heat,  was 
mixe<l  witli  rabbits'  corpuscles.  After  the  mixture  had  lieen  allowed 
to  stand  for  a  short  tune,  the  corpuscles  were  removed  by  centrifugali- 
zation.  The  serum  was  then  reactivated  anti  founti  still  to  possess  its 
hemolytic  power  for  guinea-pigs'  bliwd,  but  to  have  lost  this  power  for 
rabbits'  blood.  By  ft  similar  technique,  Pfeiffer  and  Friedberger  *  were 
able  to  ilemoastrate  the  nmltiplicity  of  bactericidal  immune  Ixxlics  in 
normal  sera. 

The  inununity  acquired  by  an  animal  as  the  result  of  treatment  with 
any  of  the  various  antigens  is  specific.  An  animal  inmmnizeil  against 
the  cholera  vibri<i,  for  instance,  possesses  marked  bactericidal  powers 
for  the  cholera  vibrio  only. 

The  es.sential  fact  to  be  remembered  is  that  the  amboceptor  or  im- 
mune l)ody  ahm'  enters  into  <lirect  relation  with  the  sul>s(ance  used  for 
immunization,  and  the  specificity  of  immune  sera  therefore  depends  en- 
tirely upon  the  increase  of  amlM}ceptor  or  immune  boily. 

Von  Dungern,''  indeed,  was  able  to  show  that  though  specific  ambo- 
ceptor was  increased  as  immunity  was  acquired,  there  was  no  corre- 
sponding enhancement  of  tlie  complement.  The  chief  diderence  be- 
tween a  nonnal  and  an  immune  serum  in  this  respect,  therefore,  <'on- 
sists  in  an  enftrmous  incresuse,  in  the  latter,  of  the  specific  amboceptor. 


'  NiUlaU,  lew.  cit.  '  Moxter,  Cent.  f.  Bakt.,  xxvi,  1896. 

*  Ehrlieh  und  Morgenrolh,  Bcrl.  Idin.  Worh.,  1901. 

*  P/eiffer  und  FHedbergcr,  Eteut.  niwl.  Woch.,  1901. 

*  V.  Dwvgan,  MUncb.  med.  Woch.,  xx,  1900. 
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Multiplicity  of  the  Complement. — A  number  of  very  complicated  ex- 
periments have  been  carried  out  Ijy  Ehrlich,  MorRenroth,'  Sach.<','  and 
others,  which  seem  to  show  thai  the  «ime  serum  may  contain  a  variety 
of  complements.  Similar  conclusions  have  been  drawn  by  Wechsberg ' 
and  by  Wassermann,*  who  demonst  ratcfl  wparate  complements  for 
bactericidal  and  hemolytic  amboceptors  in  the  same  serum.  Bordet ' 
and  his  school,  on  the  other  hand,  deny  the  multiplicity  of  the  comple- 
ment ,  and,  basing  their  views  upon  nmnerous  experimental  data,  contend 
that  any  given  serum  contains  but  one  alexin  or  complement.  Buchner 
and  Gruber  share  the  views  of  Bordet,  and,  in  the  light  of  recent  work, 
especially  with  complement  fixation  (see  below),  it  seems  more  likely 
that  one  and  only  one  alexin  exists  in  any  given  serum. 

Anticomplements  and  Antiamboceptors. — Aniihcmolyiic  Action. — 
There  are  many  agencies  which  seem  to  interfere  witti  the  activities  of  a 
hemolytic  system  or  of  any  antigen-antibo<ly-alexin  complex.  The  so- 
called  anti-complements  are  many,  complement  action  being  inliil)ited 
by  many  non-specific  substances  such  as  bacterial  protein,  yetxst,  col- 
loidal su-spensions  of  acid,  colon  suspensions,  etc.  Wliilc  these  are 
chiefly  of  theoretical  interest,  there  are  other  anticomplementary  actions 
which  are  exerted  by  lipoids  and  g!ol)ulins  uf  the  serum.  Noguchi  has 
demonstrated  a  lipoidal  substance  in  many  normal  sera  which  directly 
inhibits  the  action  of  complement  and  is  thermostable.  Browning, 
Zinsser  and  Johnson  and  others  have  shown  that  anticomplementary 
action  which  develops  in  normal  sera  on  standing  is  referable  to  the 
globulins  of  the  sera  but  is  a  thermolabial  action  which  can  be 
removed  by  inactivation. 

Hemolytic  sera,  having  the  power  of  destrojnng  red  blood  cells, 
must  necessarily  prove  in  the  presence  of  sufficient  complement  to  be 
p<iwerful  poisons  when  introducetl  into  animals  whose  corpuscles  they 
are  able  to  injure.  By  careful  and  gradual  dosage  with  such  hemolytic 
eera,  Ehrlicb>and  Morgenroth,'  as  well  as  Bordet,^  have  been  able  to 
produce  immunity  against  the  hemolytic  action.  Thus  antihemolytic 
sera  have  been  protluced,  the  action  of  which  may  depend  either  upon 
the  presence  of  anticomplement  or  of  antiamboceptor.  The  presence 
of  anticomplement  in  such  sera,  it  is  believed,  has  been  demonstrated 


'  Ehrlich  mill  Morgenroth.  Borl.  ktin.  Woch.,  1900. 

«  Ehrlich  iiiid  Snch».  Borl.  kliti.  Woch.,  I'.KKi.  '  Wechxberg,  Zeit.  f.  Hyg.,  1902. 

«  Wtuaennann,  Zeit.  f .  HyR.,  liHU .     '  BonU-l,  Ann.  dc  I'inst.  Paatcur,  1900  &  1901. 

*  Ehrlich  uuil  Morgcrirolh,  lierl.  klin.  Woch.,  x.\xi,  1900. 

'  Bonlet,  Ann.  de  Tinst.  Pasteur,  t.  14,  1900. 
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by  mixing  inactivated  licmolytic  serum  with  it,s  respective  red  blood 
cells,  then  adtling  the  antiserum  and  later  complement.  After  cen- 
trifugalization  and  separation  of  the  corpuscles,  these  may  be  dissolved 
by  the  addition  of  fresh  complement.  This  proves  conclusively  that 
there  was  no  olistacle  in  the  original  mixture  to  the  ab.sorptinn  of  the 
immune  body  by  the  red  blood  cells,  and  that  the  antihemolytic  prop- 
erties of  (he  serum  must  be  attributed  to  an  anticornplement.  This 
was  the  method  of  experimentation  employed  by  Ehrlich  and  Morgen- 
roth.'  AntiamlM)epptors  have  been  pro<luced  by  the  same  authors  as 
well  as  by  Bordct  ^  and  Miiller,'  against  hemolytic  amboceptors. 

Complementoids. — Ehrlich  and  Morgenroth  and  MiilkT  have  suc- 
ceeded in  producing  anticomplements  by  the  treatment  of  animals  with 
normal  heated  serum.  They  explain  tliis  by  assuming  that  the  heating 
has  not  entin'ly  destroyed  the  complement  in  the  normal  serum,  but 
that  this,  analogous  to  toxin,  possesses  two  groups,  a  haptophore  and  a 
zymophore  group.  Heating  destroys  the  zjTnophore  without  affecting 
the  haptophore  group.  The  resulting  body,  which  corresponds  to 
toxoid,  they  call  "complementoid." 

Furtlier  evidence  for  the  existence  of  such  complementoids  has  been 
claimed  by  Ehrlich  and  Sach.s  *  in  working  with  dog  scrum.  Unheated 
dog  senim  hemolyzes  guinea-pig  corpuscles.  Heated  to  52  degrees  C. 
for  thirty  minutes,  it  no  longer  hemolyzes  these  corpuscles  owing  to 
complement  destruction.  Such  heated  dog  serum  can  be  reactivated 
by  fresh  guinea-pig  serum  (complement).  If,  however,  the  corpuscles 
are  left  in  contact  with  the  heated  dog  blood  for  two  hours,  reactivation 
by  the  guinea-pig  serum  no  longer  occurs — that  is,  the  addition  of  guinea- 
pig  serum  no  longer  causes  hemolysis.  They  conclude  from  this  that 
the  hemol>'tic  amlioceptor  of  tho  dog  serum  has  been  attached  by  its 
com  piemen  tophi  le  group  to  complementoids  prwluced  in  the  heating — 
leaving  no  point  of  attachment  for  the  complement  added  later.  These 
experiments  have  failed  of  confimiatfon  by  Gay  ' — who  with  Bordet  de- 
nies the  existence  of  complementoids. 

Muir,  on  the  other  hand,  clahns  to  have  demonstrated  the  existence 
of  complementoids  by  experiments  too  complicated  to  be  »letailed  in 
this  plac»'.  The  question  of  complementoids  must  be  left  undecided  until 
further  work  has  Iwen  done. 

'  Ehrlich  und  Mttrgcnrnik,  V\c..  cit. 

»  BoTtUi,  lor.  cit.  '  P.  Th.  MtiUir,  Cont.  f.  Bakt.,  1901. 

*  Ehrlich  and  Saeh»,  "Ehrlich  Collected  Studies  on  Immunity,"  trans.  byBuldnau. 
*Oay,  Cent.  f.  Bakt.,  I,  xxxix,  1905. 


I 


LYSINS,  AGGLUTININS,  PRECIPITINS.  ETC. 


245 


Other  Facts  Concerning;  Complement. — Muir  and  Browning  Imve 
ehown  that,  on  the  filtnvtion  of  wruni,  svmbocrptor  or  imniunp  body 
[will  pass  through  the  filter,  whereas  alexin  or  conipk-nicnt  is  hold  hack. 

This  retention  of  complement  liy  filters  oecnrs  only  when  new  filters 

used,  and  it  is  our  opinion  that  this  is  probal)!y  due  to  alworption 

complement  l>y  the  finely  divided  substances  which  make  up  the 
filter  and  not  due  to  retention  because  of  the  large  size  of  the  comple- 
ment molecule. 

Complement  can  be  inactivated  by  shaking  as  well  as  by  heat  when 
diluted  1  :  10  and  shaken  for  about  20  minutes  in  salt  solution.  Ac- 
cording to  Gramenitski  it  is  spontaneously  partially  reactivated  on 
standing. 

Complement  is  dependent  upon  the  total  volume  of  the  mixture  in 
which  it  acts,  i.e.,  upon  concentration,  the  same  actual  quantity  of 
complement  acting  more  .strongly  in  higher  than  in  lower  concentrations, 
this  not  being  true  of  amlwceptor  or  sensitizer  which  acts  in  direct 
proportion  to  its  ac^tual  quantity  independent  of  the  concentration. 

Complement  is  inhibited  by  hj^iertonic  !<alt  solution  and  can  be 
preserved  in  15-25  per  cent  siilt  concentration  fitr  weeks  in  the  icelx)x, 
resuming  its  activity  when  diluted  to  is<jtonirity  with  distilled  water. 
Removal  of  salt  by  dialysis  or  other  means  of  globulin  precipitation 
divides  the  complement  into  two  fractions,  the  globulin  fraction  and 
the  albumin  fraction,  neither  of  which  will  act  alone,  but  which  to- 
gether pos.sess  the  properties  of  undivided  complement.  The  globulin 
fraction  attaches  directly  to  the  .sensitized  cells  and  is  therefore  spokt-n 
of  by  German  investigators  as  "mid-piece."  The  albumin  fraction 
acts  upon  the  sensitized  cells  only  after  attachment  of  the  globulin 
fraction  and  is  therefore  spoken  of  iis  "end-piece." 

The  Fixation  of  Complement  by  Precipitates. — It  h:is  been  found  by 
Gcngou  '  and  confirmed  by  Moreschi,  Gay,  -  and  others,  that  when  the 
serum  of  an  animal  humunized  with  the  serum  of  another  species  or 
with  a  foreign  albumin  is  mixefl  with  a  solution  of  the  substance  used 
in  the  immunization,  the  precipitate  formed  will  remove  complement 
from  the  mixture.  In  other  words,  precipitates  formed  by  the  reaction 
of  precipitin  with  its  antigen  will  fix  complement.  This  is  of  great  im- 
portance in  comf>lenicnt-fixation  tests;  for  because  of  insufficient  wash- 
ing, the  blood  cells  used  in  producing  the  hemolytic  amboceptor,  may, 
from  the  presence  of  serum,  give  rise  to  a  precipitin  as  well  as  a  hemo- 


>  Gengou,  Ann.  Past.,  1902. 


*Gay,  Cent.  f.  Dakt.,  I,  xxix,  19a5. 
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sm.  In  the  ti^st  done  suhsrfjiicntly.-.'v  precipitin  rf.aHior  may  talce 
place  and  by  thus  n'mo\-ing  complement  miiy  gi\-c  a  false  result.  The 
absorption  of  complement  by  such  precipitates  takes  place  when  the  two 
reacting  factors,  the  precipitin  and  its  antigen,  are  in  dilution — so  high 
a  vLsible  precipitate  can  not  l)e  observed.  This  fact,  together  with 
others  too  complicated  to  be  discussed  in  this  place,  have  led  us  to  the 
belief  that  the  sf>called  precipitins  are  true  sen.sitizers,  exerting  toward 
unfomied  proteins  the  same  function  that  the  so-called  sensitizer  or 
amboceptor  exerts  toward  cellular  formed  antigens.     {See  p.  241.) 

Quantitative  Relationship  Between  Amboceptor  and  Complement — 
Morgenruth  and  Sachs  '  have  sueceeded  in  showing  that  within  certain 
limits  an  inverse  relationship  exists  between  these  two  bodies.  If  for 
a  given  quantity  of  red  l)lood  cells  a  certain  quantity  of  amboceptor 
and  complement  suffices  to  produce  complete  hemolysis,  reduction  of 
either  the  complement  or  the  amlmceptor  necessitates  an  increase  of  the 
other  factor.  As  amboceptor  is  increased,  in  other  words,  complement 
may  be  reduced  and  rtce  versa.  This  result  is  of  great  imjiortance  in 
arguing  against  the  original  conception  of  Ehrlich  in  supposing  these 
substances  to  act  together  unit  for  unit. 

Deviation  of  the  Complement  (Complement-Ablenkung). — It  was 
noticed  l)y  Niisser  and  Wechsberg'  that  in  mixing  together  bacteria, 
inactivated  bactericidal  immune  serum  (immune 
}0  i)ody),  and  complement  in  the  lest  tube,  a  great 
excess  of  uumune  lx>dy  hindered  rather  than  helped 
bactericidal  action.  As  the  amount  of  immune 
body  in  the  mixture  was  carried  beyond  the 
exi>erimental  optimum,  bactericichd  action  became 
less  and  les.s  pronounced,  and  was  finally  com- 
pletely sus[jendi'il.  They  explain  this  by  assuming 
that  free  immune  body,  imcombined  with  comple- 
ment, has  a  greater  affinity  for  the  bacterial  receptor 
than  the  imiimne  body  coniliined  with  comple- 
ment. vThe  complement  is  consequently  diverted 
and  prevented  from  activating  the  amlwceptor  at- 
tacheti  1«  the  bacterial  cell.  Graphically,  the 
conditions  may  be  illastratftl  as  follows: 

The  above  theory  of  Neisser  ami  Wechsberg  is  here  stated  simply 

'  Morgenrolh  imd  Sachi,  "Gcsammel.  .^jb.  fiir  IinmuniUitsforschung."  Berlin, 
Hirerhwald.  1!KM. 

■  Neisatr  uud  ]\'fxhtbvrf,  Mtknch.  nied.  Woch.,  xviii,  1001. 
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because  of  the  wide  discussion  It  has  aroviscd.  In  the  light  of  <iiir 
pnsent  knowledge  concerning  the  relations  between  antigen,  ainho- 
ceplor,  and  fonipleinr'nt,  their  conception  is  obviously  erroneous. 

Fixation  of  the  Complement. — Bordet  and  tJenguu'  in  1901,  devised 

an  ingenious  method  of  experimentation  by  which  even  very  small 

[quantities  of  any  given   immune  body  fandmccptor)   can  be  denion- 

[stratod  in  scrum.    The  tenn  "fixation  rjf  complcnicnt,"  by  which  their 

[method  of  investigation  is  now  generally  known,  explains  itself,  jus  the 

steps  of  experimentation  are  followed.     They  prepared  the  following 

mixtures: 

(a)  (b) 

Bacteriolytic  amboceptor  Normal  serum,  heated 

[Plagvie  immune  lerum,  healed) 

+  + 

Plague  emulsion  Plague  emulsion 

+  + 

Complement  Ci>mplenient 

{Freah  normal  scram)  (Fresh  normal  serum) 

To  both  of  these  after  five  hours  was  added 

Hemolytic  amboceptor 

(Healed  hemolyiic  serum) 

*  + 

Red  blood  cells 

Results: 

(a)  showed  no  hemolj-sis. 

(b)  showed  hemolysis  +. 

The  conclusion  to  be  drawn  from  this  was  that  in  (a)  the  presence 
of  immtine  body  had  led  to  absorption  of  all  the  complement.  In  (b), 
there  being  no  bacterioljiic  immune  body  to  sensitize  the  bacteria  and 
enable  them  to  absorb  conipleiuont,  the  latter  substance  was  left  free 
to  activate  the  subsequently  added  hemolytic  timboeeptors.  The 
Bordet'-Gengou  phenomenon  has  been  extensively  used  by  Wassermann 
and  Bruck,-  NeLsser  and  Sachs,'  anil  ot  hiTs  to  demonstrate  the  presence 
of  immune  bodies  in  various  sera.    (See  p.  262.) 

It  should  be  noted  that  this  method,  if  valid,  must  presuppose  the 
identity  of  the  hemolytic  and  bactericidal  complement  in  the  activating 
iBerum. 

Complement  fixation  will  be  more  extejisively  discussed  in  the  sec- 
tion dealing  with  the  Was,sermann  reaction. 

'  Bordet  et  Gengou,  Ann.  do  I'inat.  Pasteur,  1901. 

•  Wataeniiann  und  Bruck,  Med.  Klin.,  lOO."). 

»  NeitiKT  und  Sachs,  Berl.  klin.  Woch.,  xliv,  19a5,  and  i,  llXXi. 


248 


INFECTION  AND  IMMUNITY 


The  Specificity  of  Hemolysins. — In  tlie  sections  preceding  wo  have 
seen  that  the  blood  celi.s  of  oiio  iininial,  injected  into  an  animal  of  an- 
other species,  give  rise  to  a  hemolytic  sulistaiice  iu  the  blood  serum  of 
the  second  animal,  wliicli  i.s  strictly  sjiecific  for  the  variety  of  cells  in- 
jected. Such  hemolysins,  when  produced  in  one  animal  again.st  blood 
cells  of  anotluT  species,  are  sixiken  of  sis  heterohjsins.  In  studying  the 
nature  of  henioly.sis,  Ehrlich  anrl  Morgenroth  '  now  discovered  that 
hemolysins  could  also  be  productnl  if  an  animal  were  injected  with  retl 
blood  cells  of  a  meml>er  of  its  own  species.    Such  hemolytic  substances 
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I{   (2)   present,  no   haemolysM. 
II   (2)   not  present,   naemolysis. 

Fia.  64. — ScBBMATic  Representation  of  Complement  Fixation  n» 
IIorubt-Genuou  Kbaction. 


they  called  isoh/fn'ns.  In  their  experiments  they  injected  goat.s  with 
the  washed  red  blood  corpuscles  of  other  goats  and  found  that  the 
Berum  of  the  recipient  de\'elope<l  the  power  of  causing  hemolysis  of 
the  re<l  lihtod  cells  of  the  particular  goat  whose  blood  had  Ijeen  used 
for  injection.  It  ilid  not,  however,  possess  the  power  of  producing 
hemolysis  in  the  blood  of  all  goats,  nor  diil  it  produce  hemolysis  wth  the 
red  corpascles  of  it,i  own  blood.  It  is  thas  shown  that  the  specificity 
of  the  hemolysins  extends  even  witliin  the  limits  of  species,  and  is,  to 
a  certain  extent,  an  individual  prop<*rty. 

The  production  of  (iii/oi;/«n,s,  that  is,  of  substances  in  the  lilood 
serum  which  will  produce  hemolysis  of  the  individual's  own  corpuscles, 
has,  so  far,  Ijeen  unsuccessful. 


'  EhHich  und  Morgenroth,  Berliner  kliu.  Woch.,  xxi,  1900. 
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Ehrlich  and  Morgenroth,  in  the  course  of  these  experiments,  further- 
more succeeded  in  showing  that  the  injection  of  isolysins  into  animals 
produced  antiisolysins,  and  (liat  these  again  were  strictly  specific. 

The  ahnost  universal  failure  uf  aiitolysin  pruduction  has  fijund  no 
satisfactory  explanation.  It  is  supposed  by  Ehrlich  and  Morgenroth 
that  the  failure  of  autolysin  production  may  be  due  to  a  lack  of 
suitable  receptors  in  the  animal  for  its  own  cells. 

The  clinical  significance  of  the  presence  of  isolysins  and  possibly  of 
autolysins  in  human  l>eings,  is  too  evident  to  require  much  discussion. 
A  practical  and  extremely  interesting  -result  wliich  these  investigations 
have  yielded  is  that  of  Donath  and  Landsteiner,'  who  discovered  an 
autolysin  in  the  blood  serum  of  patients  suffering  from  paroxj'sTnal 
hemoglobinuria.  In  these  cases  the  sensitizing  substance  or  anilHi- 
ceptor  appeared  to  be  absorbed  by  the  red  blood  cells  only  at  low  tern 
peratures — probably  in  the  capillaries  during  exposure  to  the  cold,  and 
hemolysis  subsequently  resulted  in  the  blood  stream  by  the  action  of 
complement.  These  observations  have  been  confirmed  by  other  writ- 
ers, but  the  phenomenon  is  surely  not  present  in  all  cases  of  paroxysmal 
hemoglobinuria.  The  writers  have  had  occasion  to  examine  carefully 
several  clinically  tj^jical  cases  with  negative  results. 


>  Donath  und  Landsteiner,  MttDch.  med.  Woch.,  xxxvi,  1904. 


CHAPTER  XVI 
THE  TECHNIQUE  OF  SERUM  REACTIONS 

Obtainlnfir  Serum  from  Animals  and  Man. — To  obtain  blood  senun 
from  man,  the  l)lood  may  be  taken  from  the  finger  or  the  ear,  either 
into  a  sterile  centrifuge  tube  or  into  a  Wright  capsule.  When  taken 
into  a  centrifuge  tube,  the  bltwd  is  allowed  to  clot  and  the  serum  sep- 
arated by  centrifugation.  Larger  quantities  of  blood  may  be  taken 
with  a  syringe  from  the  median  biisilic  vein  and  either  slanted  in  sterile 
test  tubes  in  the  ice  chest  or  put  into  centrifuge  tubes  and  centrifugalized. 
In  bleeding  small  laboratory  animals,  a  number  of  methods  may  be 
employed,  depending  upon  the  quantity  of  .serum  required. 

The  animals  most  frequently  used  for  laboratory  purposes  are  rab- 
bits. To  obtain  small  quantities  of  serum  from  rabbits,  the  animals 
may  be  bled  from  the  inarginal  vein  of  the  ear.  The  animal  is  strapped 
upon  a  tray  and  underneath  it  is  placed  a  rubber  bag  filled  with  warm 
water.  This  is  advisctl  by  Wiuisworth  to  facilitate  the  flow  of  blood. 
The  tray  is  then  placed  upon  an  easel  so  that  the  animal's  head  hangs 
downward.  The  skin  over  the  ear  vein  is  shaved  and  sterilized,  and  a 
Hagedorn  needle  plunged  into  the  vein.  The  blood  is  caught  in  test 
tubes  or  centrifuge  tubes. 

When  larger  quantities  of  blood  are  desired  it  may  be  taken  from 
the  carotid  art*r>'.  In  rabbits,  the  carotid  may  be  found  lying  just 
lateral  to  the  trachea  and  deeply  placed,  and  must  be  carefully  separated 
from  the  pneumoga.stric  nerve  by  blunt  dissection.  The  distal  end  of 
the  artery  is  then  ti«l  off  and  the  proximal  end  temporarily  closed 
with  a  small  clamp.  The  arterj'  is  then  raised  out  of  the  wound  on  a 
knife  or  forceps  linndle  and,  with  sharp-pointed  scissors,  a  small  in- 
cision is  ma<le  into  but  not  through  the  vessel.  A  small  glass  cannula 
is  now  introduced  and  tied  into  place  by  a  thread.  To  this  cannula  a 
small  rubber  tube  fitted  with  a  pinch-cock  should  have  been  attached, 
the  whole  being  sterilized.  Recently  we  have  dispensed  with  the  can- 
nula, simply  holding  the  vessel  up  with  a  pointed  forceps.  A  larger 
yield  of  serum  will  be  obtained  if,  after  coagulation,  the  clot  is  sep- 
arated from  the  glass  with  a  sterile  platinum  wire. 
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In  obtaining  blood  from  larger  animals,  horses,  sheep,  etc.,  a  cannula 
may  Iv  introduced  into  the  jugular  or  internal  saphenous  veins.  The 
skin  is  shaved  and  sterilized  and  a  rubber  tourniquet  placed  about  the 
neck  or  thigh,  as  the  case  may  he,  in  order  to  cause  the  vein  to  stand 
out.  A  small  incision  may  be  made  through  the  skin  over  the  vein,  but 
is  not  necessary.  A  cannula,  with  rubber  tubing  attached,  is  then 
plunged  into  the  vein  and  the  bloo<l  caught  in  sterile  high  cylindrical 
jars,  allowed  to  clot,  and  placed  in  the  refrigerator.  The  serum  is  taken 
off  after  twenty-four  to  forty-eight  hours  with  sterile  pipettes. 

Agglutination  Tests. — For  the  determination  of  the  agglutinating 
power  of  serum  it  is  necessary  to  make  suitable  dilutions  of  the  scrum, 
and  to  prepare  an  even  emulsion  of  the  microorganisms  to  be  tested. 
The  test  may  be  made  microscopically  or  macroscopically.  The  micro- 
scopic test  is  the  one  in  general  use  in  the  iliagnosis  of  tjphoid  fever, 
and  is  occasionally  applied  to  some  other  disea.ses.  In  its  application 
to  typhoid  fever  it  is  usually  spoken  of  as  the  Grubcr-Widal  reaction. 

Twelve-  to  eighteen-hour  broth  cultures  of  the  typhoid  bacillus, 
grown  at  incubator  temperature,  may  be  use<l.  It  is  preferable,  how- 
ever, to  use  an  emulsion  of  a  twelve  to  twenty-four  hour  old  tigar  culture 
in  physiological  salt  solution  (0.85  per  cent).  The  salt-solution  emulsion 
is  made  by  adding  about  10  c.c.  of  normal  salt  solution  to  the  fresh  agar 
slant  culture,  carefully  detaching  the  culture  from  the  surface  of  the 
agar  vnih  a  flexible  platinum  wire,  and  pipetting  ofif  the  emulsion  thus 
made.  With  some  microorganisms  it  is  sufficient  simply  to  allow  the 
larger  clumps  to  settle  and  to  pipette  oflf  the  supernatant  turbid  emulsion. 
With  other  microorganisms,  the  tendency  to  form  clumps  makes  it 
necessary  to  resort  to  further  methods  of  securing  an  even  distribution 
of  the  bacteria.  This  may  be  done  either  by  sucking  the  emulsion  in  and 
out  through  a  narrow  pipette  held  perpendicularly  iigainst  the  bottom  of 
a  watch  glass,  as  in  Wright's  technique  for  the  opsonic  test  (see  section 
on  Opsonins,  p.  285),  or  by  carefully  rubbing  the  clumps  against  the 
watch  glass  with  a  stiff  platinum  wire.  In  the  case  of  the  tubercle  ba- 
cillus not  even  this  suffices,  but  it  becomes  necessary  to  grind  the  moist 
bacillary  ma.sses  in  a  mortar  before  emulsifying.  With  the  tubercle  bacil- 
lus, too,  it  is  preferable  to  use  isalt  solution  at  1.5  per  cent  concentration. 
In  preparing  cultures  of  streptococcus  and  pneumococcus  for  ag- 
glutination tests,  it  has  been  found  convenient  by  Hiss  to  grow  for 
alx>ut  four  days  in  flasks  of  a  1','c.  glucose,  2%  pepton  meat-infusion 
broth,  to  which  has  been  added  1%  of  calcium  carbonate  {p.  126). 
The  calcium  neutralizes    the  inhibiting   acid  formed  in    the    broth 
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by  the  microorganiHins  and  pf'miits  tho  development  of  ii  mass  cialtiire. 
The  flasks  should  he  shaken  at  leivst  onec  a  day.  The  broth  may  he 
pipetted  off  and  chunps  removed  by  centrifugation.  Without  this  tech- 
nique it  is  sometimes  difficidt  to  get  sufficient  growths  of  these  l)acteria 
for  any  quantity  of  emulsion  unless  lai^^e  surfaces  of  agar  are  employed 
in  special  receptacles  or  by  making  many  slant  cultuies. 

The  serum  dilutions  are  obtained  by  first  making  a  one  to  ten  dilu- 
tion of  serum  with  normal  salt  solution.  The  scrum  used  for  this  pur- 
pose is  of  red  blood  corpuscles  by  centrifugation.  From  the  1  to  10 
dilution  any  number  of  higher  dilutions  may  Ije  made,  by  mixing  given 
parts  of  the  1  to  10  dilution  with  normal  salt  solution;  thus  one  part 
of  a  1  to  10  dilution  plus  an  equal  quantity  of  salt  solution  gives  a  dilu- 
tion of  1  to  20.  One  part  of  one  to  ten  dilution  plus  two  parts  of  normal 
salt  .solution  gives  one  to  thirty,  etc.  It  must  not  be  forgotten  that, 
when  equal  parts  of  the  serum  and  bacillary  emulsion  have  been  mixed, 
each  one  of  these  dilutions  is  doubled. 

In  making  the  microscopic  aggliUincU^ion  test,  equal  quantities  of 
serum  dilution  and  bacterial  emulsion  are  mixed  upon  a  cover-slip. 
The  mbdure  may  be  made  either  bj'  measuring  out  a  drop  of  each  sub- 
stance with  a  standard  platinum  loop,  depositing  them  close  together 
on  the  cover-slip,  and  mixing;  or  equal  quantities  may  be  sucked  up, 
each  to  a  given  mark,  in  a  capillary  pipette,  mixed  by  suction  in  and 
out,  and  deposited  upon  the  cover-slip.  The  cover-slip  is  inverted  over 
a  hollow  glass  slide,  the  rim  of  which  has  Ijeen  greased  with  vaseline. 
The  drop  is  then  observed  through  a  (Leitz)  No.  7  lens,  ocular  No.  3. 
Macroscopic  a^ghitination ,  preferable  for  exact  laboratory  research, 
is  made  in  narrow  test  tubes  measuring  about  0.5  cm.  in  diameter  and 
about  5  cm.  in  length  (Fig.  60). 

Equal  quantities,  usually  1  c.c.  each,  of  serum  dilution  and  emulsion 
are  mixed.  A  series  of  tubes  is  prepared,  in  each  subsequent  one  of 
which  the  dilution  is  higher.  These  mixtures  may  lie  placed  in  the  in- 
cubator for  a  few  hours  and  then  kept  at  room  temperature.  After  re- 
moval from  the  incubator  agglutination  is  in  some  instances  hastened 
by  transference  to  the  ice  chest.  When  agglutination  takes  place  in 
these  tubes,  clumps  of  bacteria  may  be  seen  to  form,  which  settle  to 
the  bottom  of  the  tube,  verj'  much  like  snow-flakes.  The  surface  of 
the  sediment  is  heai>ed  up  and  irregular.  Tlie  supernatant  fluici  becomes 
entirely  clear.  When  the  reaction  docs  not  occur  the  setliment  is  an  even, 
granular  one  with  a  flat  surface,  and  the  emulsion  remains  turbid. 

Instead  of  using  test  tubes  as  described  above,  Wright  has  sug- 
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gested  the  use  of  throttle  pipettes  of  comparatively  large  diameter  into 
each  of  which  at  lojvst  three  or  four  different  dilutions  ean  be  sucked 
with  a  nipple,  a  small  air  bubble  being  left  between  the  mixtures.  By 
sf'aling  the  distal  end  of  these  jiipettes  in  a  Hame  the  various  dilutions 
are  kept  at  a  distance  from  each  other,  and  the  pipettes  may  be  set  on 
end  in  a  tumbler  and  observed  just  as  are  the  test  tubes  (Fig.  68,  p.  285). 
The  special  methods  of  eurrjnng  out  jmglutination  tests  with  pneumo- 
cocci  have  been  descrilK-d  on  p.  3(i3. 

Precipitin  Tests. — In  an  earlier  section  on  precipitins  we  have  seen 
that  precipitates  are  formed  when  clear  filtrates  of  bacterial  extracts 
or  of  lx>th  cultures  are  mixed  with  their  .'specific  immune  sera.  Such 
precipitin  reactions  are  not  limited  to  the  realm  of  bacteria,  but  have  a 
broad  biological  significance,  in  that  specific  precipitating  sera  may  be 
produced  with  proteids  of  varied  source. 

For  carr>'ing  out  a  precipitin  test,  the  following  reagents  are  required : 

1.  A  specific  precipitating  antisenmi  (antibacterial  or  antiproteid) ; 

2.  A  bacterial  filtrate  or  proteid  solution. 

Production  of  Precipitating  Antisera.' — Antibacterial  precip- 
itins may  lie  produced  in  animals  by  a  variety  of  methods.  Animals, 
preferably  rabbits,  are  injected  with  cultures  of  the  bacteria  in 
gradually  increasing  quantities.  Five  or  .six  injections  are  given  at 
intervals  of  from  five  to  six  days,  the  dosage  and  mode  of  administra- 
tion being  adapted  in  each  case  to  the  pathogenicity  of  the  micro- 
organisms in  question.  Myers '  claims  that  specific  precipitin  for  pepton 
in  the  cidture  media  may  be  formed  which  may  lead  to  error.  This 
could  not  be  confirmed  bj'  Norris.'  The  immunized  animals  should 
be  bled  about  7  to  12  days  after  the  last  injection. 

Precipitating  antisera  again.st  protein  solutions  are  prepared  by 
similar  methods.  The  sera  or  protein  solutions  used  should  be  sterile. 
This  may  be  accomplished  by  filtration  through  small  porcelain  filters. 
Injections  into  animals  nuiy  he  made  subcutaneoasly,  intraperitoneally, 
or  intravenously.  The  subcutaneous  route  has  no  advantages  unless 
the  sul^tances  to  be  used  are  contaminated. 

Nuttall  advi.ses  the  use  of  rabbits.  The  animals  are  weighed  from 
time  to  time,  and  if  considerable  loss  of  weight  ensues,  the  intervjds 
should  be  increased.  Doses  from  2  to  5  c.c.  should  be  given.  In 
giving  the  later  injections  the  danger  of  anaphylaxis  must  be  remem- 


•  R.  Kraus,  Wien.  Win.  Woch.,  1897;  Norria,  Joiir.  Inf.  Dia..  1  and  3,  1904. 
*Myer»,  Lancet,  ii,  IttOO.    •  Norria,  loc.  cit. 
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bered.  A  single  injection  of  a  large  quantity  has  occasionally  yielded 
a  precipitating  serum  of  considerable  strength,'  but  this  niethfxi  is 
not  usually  successful.  Injections  are  made  at  intervals  of  from  five  to 
s«n'en  days.  Seven  to  twelvi"  days  jifter  the  last  injection  the  animals 
may  Ik*  hied  from  the  ear,  ami  a  preliminary  test  mtwle  to  ascertain  the 
precipitating  value  of  the  senmi.  If  this  is  insufficient,  more  injections 
may  \ye  made.  Bleeding  should  be  done  7  to  12  days  after  the  last 
injection.  Such  sera  may  be  preserved  in  the  dark  and  at  a  low  tem- 
perature. If  a  preservative  is  added,  Nuttall  prefers  chloroform  to 
the  phenols,  because  of  occasional  turbidity  produced  by  these. 

Precipitating  antisera  for  tests  shoulil  Ix^  clear.  If  turbid,  the  sera 
should  be  filtered  through  small  Berkefeld  or  porcelain  candles. 

Prep.^ration  of  Bacterial  Filtrates  and  Protein  Solutions 
FOR  Precipitin  Tests. — Bacteria  may  be  grown  in  nutrient  broth 
having  an  initial  reaction  of  neutrality  or  five-tenths  per  cent  acidity 
to  phenolopht  halein.  The  cultures  are  innubate<l  for  times  varying  from 
a  week  to  several  months,  and  are  then  ftltere^l  through  porcelain  or 
Berkefeld  candles  until  perfectly  clear.  Bacterial  extracts  may  also 
Ik*  made  by  emulsifjing  agar  culture.s  in  sjdt  solution,  placing  at  37.5°  C. 
in  the  incubator  for  a  week  or  longer,  and  filtering.  More  rapid  ex- 
traction of  bacteria  may  be  accomplishe<l  by  repeated,  rapid  freezing 
ami  thawing  of  wilt-solution  emulsions,  by  shaking  in  the  shaking  ma- 
chine or  by  centrifugalizing,  rubbing  up  the  sediment  with  dry  salt, 
and  the  addition  of  distilled  water  to  isotonicity. 

Protein  solutions  to  be  tested  should  iw  made  in  salt  solution.  When 
dealing  with  blood  stains,  as  in  doing  the  test  for  forensic  purposes, 
the  stains  should  be  dissolved  in  salt  solution,  an  approximate  dilution 
of  one  in  five  huntlre<l  Ix^ing  aimed  at.  This  solution  if  turbid  should 
Ik-  nltcTed  through  a  small  porcelain  filter.  It  should  Ix'  clear  antl  color- 
less, show  a  faint  cloud  on  boiling  with  dilute  acetic  acid,  and  show 
distinct  froth  when  shaken. 

Whi'n  the  reaction  is  to  l>e  done  for  determining  the  nature  of  meat 
(detection  of  horse-meat  substitution  for  beef,  etc.),  about  20  to  40 
grams  of  the  suspected  meat  are  macerated  in  a  fltu<k,  and  covered  with 
100  c.c.  of  .salt  solution.  This  mixture  is  allowed  to  infusi^-  at  room 
temperature  for  three  to  four  hours,  ami  is  then  plactnl  in  the  refrigerator 
for  twelve  hours  or  more.  At  the  end  of  this  time  2  c.c.  are  shaken 
into  a  teat  tulx*.    If  profust;  frothing  -  appears,  the  extract  is  ready  for 

'  Miehadit,  Deut.  med.Woch.,  1902. 

»  f.  Th.  Mutter,  "Technik,  d.  aerodiugnus.  Melhuden." 
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use.  It  is  then  filtered  clear,  either  through  paper,  or  through  a  Buchner 
or  Nutsche  filter.  Berkefeld  filters  may  also  be  used.  The  solution  is 
then  diluted  until  *he  addition  of  concentrated  HNO,  produces  only  a 
slight  even  turbidity.  Before  use  the  reaction  of  the  meat  extract 
should  be  teisted,  and  if  necessarj'  adjusted  to  neutrality  or  slight  acidity 
or  alkalinity. 

In  the  actual  test  wtii  Ijacterial  filtrate,  the  procedure  is  as  follows: 
In  a  sc>ries  of  narrow  test  tubes,  the  following  mixtures  are  made: 

Tube  1.  Antibncterifil  serum  .5  c.o.  +  bactoriul  filtrate  1.  c.c. 

"     2.  Normal  scrum  .5  c.c.  +  bactcriul  filtrate  1.  c.c. 

"     3.  Antibacterial  senmi  .5  c.c.  +  salt  solution         1.  c.c. 

"     4.  Salt  solution  .5  c.c.  +  bacterial  filtrate  1.  c.c. 

Place  the  tul>es  in  the  incubator  at  37.5°  C.  Tube  1  only  should 
sliow  a  haziness  which  develops  into  distinct  clouflines-s  or  a  fiocculent 
precipitate  within  one  hour.    Tubes  2,  3,  and  4  should  remain  clear. 

In  testing  an  unknown  protein  with  serum  of  an  animal  immunized 
with  the  protein  sought  for,  the  technique  of  the  test  is  as  follows: 

1.  0.1  c.c.  immune  scrum  +  2  c.c.  unknown  jirotein  solution. 

2.  0.1  C.c.  immune  serum  +  2  c.c.  known  protein  solution  of  variety  su-spectcfl 

(similarly  diluted). 

3.  0.1  c.c.  immune  serum  +  2  c.c.  protein  solution  of  dilTcrent  nature  (similarly 

diluted). 

4.  0.1  c.c.  immune  serum  +  2  c.c.  salt  solution. 

5.  2  c.c.  unknown  protein  solution. 

If  the  test  is  positive  a  precipitate  appears  in  tubes  1  and  2,  but  not 
in  any  of  the  others.  The  precipitate  should  appear  within  15  to  20 
minutes. 

Bactericidal  and  Bactenoljrtic  Tests. — The  bactericidal  and  bac- 
teriolytic powers  of  serum  may  be  tested  either  in  the  animal  Iwdy  or 
in  the  test  tube.  The  in  mvo  test  is  known  as  Pfeiffer's  phenomenon. 
This  depends  upon  the  fact  that  bacteria,  when  injected  into  the  peri- 
toneal cavity  of  a  guinea-pig,  together  with  a  homologous  imnmne 
serum,  undergo  dis.solution. 

As  practiced,  the  test  finds  a  double  application.  It  may  be  done  to 
determine  the  bacteriolytic  power  of  a  given  serum  against  a  known 
microorganism,  or  for  the  identification  of  a  particular  microorganism 
by  means  of  its  susceptibility  to  lysis  in  a  known  immune  serum. 

1 .  Determination  of  the  bacteriolytic  power  of  serum  against  a  known 
microorganism  in  vivo: ' 

•P.  Th.  MHUcr,  "Tcchnik  d.  serodiagnoa,  Methoden,"  Jena,  1909. 
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A  iiuHihcr  of  dilutions  of  the  serum  are  made  with  sterile  neutral 
bouillon  or  salt  solution,  ranging  from  1  in  20  to  1  in  500,  or  higher.  It 
is  convenient  to  make  a  first  solution  of  1  in  20.  One  c.c.  of  this  mixed 
with  4  c.P.  of  broth  will  give  I  in  100.  One  c.c.  of  the  1  in  100 dilution 
with  1  c.c.  of  broth,  2  c.c.  of  broth  and  4  c.c.  of  broth  will  give  1  in  200, 
I  in  300,  and  1  in  500,  respectively.  Into  one  cubic  centimeter  of  each 
•of  these  dihilioiLH  there  is  placed  one  platinum  loopful  of  a  twenty-four- 
hour  agar  culture  of  tlie  niicroorganiwm  agairtst  which  the  serum  is  to 
be  tested.  Into  another  teat  tube  is  placed  4  c.c.  of  broth,  without 
serum,  and  with  one  loopfal  of  the  microorganisms.  The  mi.vtures 
are  thoroughly-  emulsified  in  each  case  by  rubbing  the  bacteria  against 
the  sides  of  the  tube  with  the  platinimi  loop. 

Intraperitoneal  injections  into  guinea-pigs  are  then  made  of  1  c.c. 
of  each  of  the  scruni-dilution-bactcrial-emuLsions.  A  control  guinea-pig 
(better  two  or  three)  receives  Ic.  c.  of  the  broth  emulsion — one-fourth 
as  many  bacteria,  therefore,  as  the  animals  receiving  the  serum 
dilutions. 

Before  making  the  injections,  areas  on  the  lateral  abdominal  walls 
of  the  guinea-pigs  are  shaved,  and  small  incisions  made  through  the 


Fro.  65. — Capillaby  Pipette  for  Removal  or  Exudate  in  doinq  th» 

Pfeiffek  Test. 

skin,  down  to  Ihc  muscular  layers.  The  needle  of  the  syringe  is  then 
introduced  pt^rpendicular  to  the  skin  until  it  has  penetrated  the  peri- 
toneum, imd  then  carefully  .slanted  to  avoid  puncturing  the  gut.  The 
animals  need  not  be  strapped  down  during  this  procedure  anil  after- 
ward may  be  allowed  to  run  about. 

AlU'T  one-hidf  hour,  and  again  after  on<'  hour  has  elapsed,  a  drop 
€)f  pt'ritoneal  exudate  is  removed  from  each  guinea-pig  and  examined 
in  the  hanging  drop  for  granulation  and  swelling  of  the  bacteria.  The 
method  of  obtaining  the  peritonoal  exudate  Ls  as  follows:  Small  glass 
tubing  is  drawn  out  into  capillar)'  pipettes,  the  eiuls  of  the  capillaries 
l)eing  again  drawn  to  fine  points  in  a  -small  yellow  flame.  A  number  of 
such  pipett^es  should  be  prepared  before  the  test  is  begun.  The  guinea- 
pig  is  then  held  down  upon  a  table,  cilhcr  by  an  assistant  or  by  the  left 
hand  of  the  operator,  ami  the  point  of  the  pipette  pushed  through  the 
cut  in  the  ab<lominal  wall  into  the  peritoneum  by  a  sharp,  quick  thrust- 
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ing  motion.  A  column  of  pcritonejil  fluid  will  tun  into  the  glass  tubing 
by  capillary  attraction;  this  can  then  be  blown  out  upon  a  cover-slip 
for  hanging-drop  e.Niimiuation  or  may  be  blown  upon  a  slide,  smeared, 
and  examined  after  staining.  The  reaction  is  regardetl  as  positive  if 
within  thirty  minutes  to  an  hour  the  peritoneal  exudates  of  the  animals 
receiving  immune  sera  contain  only  swoUen  or  disintegrate<l  microor- 
ganisuiHi,  while  in  that  of  the  control  animals  only  well-preserved  and 
undcgenerated  bacteria  are  found.  In  tlcaling  with  typhoid  bacilli 
and  cholera  spirilla,  in  connection  with  which  the  test  is  mo.st  often 
u.sed,  active  motility  in  the  controls  is  of  much  help.  Should  there  be 
ext^-nsive  degeneration  of  the  bacteria  in  the  exudate  of  the  control 
animals  the  test  is  of  no  value. 

2.  Identification  of  a  microoryan  i^in  bi/  obHcrring  its  a  susceptibility  to 
lysis  in  a  known  immune  serum  in  viro: 

The  technique  for  this  test  is  practically  the  same  as  that  of  the 
preceding  except  that  in  this  case  we  require  a  potent  known  immune 
serum  and  normal  serum  for  control.  It  is  necessary,  furthermore,  that 
by  previous  tests  we  should  know  the  degree  of  dilution  in  which  the 
immune  serum  will  cause  complete  bacteriolysis  of  the  microorganism 
iLsed  in  its  production.  Thus,  if  we  are  employing  a  typhoid  immune 
serum  and  arc  about  to  test  by  this  method  an  unknown  firam-negative 
baciUus,  we  must  know  the  titer  of  the  serum  for  the  typhoid  bacillus 
itaelf. 

Mixtures  are  then  made  of  dilutions  of  this  scrum  and  definite 
quantities  of  the  microorganism  to  be  tested.  It  is  best,  always,  to 
employ  from  ten  to  one  hundred  times  the  amount  of  immune  serum 
which  suffices  to  produce  lysis  with  its  homologous  microorganism. 
Thus,  if  the  serum  has  been  found  to  be  active  in  dilutions  of  I  :  1 ,000,  it 
is  employed  in  the  test  in  dilutions  of  1  :  1 ,000, 1  :  100,  and  I  :  10.  These 
dilutions  are  then  injected  into  guinea-pigs  in  quantities  of  1  c.c.  together 
with  the  bacteria  to  be  tested,  and  control  guinea-pigs  are  injected  with 
undiluted  nonnal  serum  mixed  with  the  bacteria  and  with  salt  solution 
and  the  bacteria.  The  exudates  are  then  observed  in  the  same  way  as 
in  the  preceding  experiment. 

Baclmcidal  Reactions  in  the  Teal  Tuhe. — Bactericidal  reactions 
in  the  test  tubes  may  be  matle  by  mixing  in  small  sterile  test  tubes, 
definite  quantities  of  the  bacteria  with  inactivated  senun  and  com- 
plement, the  latter  in  the  form  of  unheatcd  nomial  serum.  The 
mixtures,  diluted  with  equal  volumes  of  neutral  broth  or  salt  solution, 
are  set  away  for  a  definite  time  three  to  four  hours  in  an  incubator  at 
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37.5°  C,  and  equal  quantities  from  all  the  tubes  are  then  inoculated 
into  melted  agar  at  40°  C,  and  plates  are  poured.  Control  plates 
must  be  made  in  each  case  with  mixtures  of  similar  q\iantitiea  of 
bacteria  in  salt  solution,  and  .similar  quantities  of  bacteria  in  normal 
serum.  By  colony  counting  aft«r  the  plates  have  developetl,  it  is  then 
poasiblc  to  estimate  the  degree  of  bacterial  destruction  in  any  of  the 
given  dilutions. 

In  actually  carrying  out  the  teat,  dilutions  of  the  inactivated  scrum 
are  firnt  made,  ranging  from  1  :  10  to  1  ;  1,000  and  over.  An  rmul.«i<m 
of  bacteria  from  a  twenty-four-hour  agar  .slant  is  tlien  made  in  salt  solu- 
tion, or  a  twenty-four-hour  broth  culture  properly  diluted  maj-  \h:  u.scd. 
Complement  is  ohtjiincil  by  taking  fresh  normal  rabbit  serum  and  dilut- 
ing it  with  salt  solution  I  :  10  or  1  :  l.j.  Into  a  scries  of  test  tubes,  then, 
1  c.c.  of  each  of  the  serum  dilutions  is  placed,  an.l  to  each  tube  is  added 
0.5  c.c.  of  the  diluted  fresh  nunnal  rabbit  .wrum  (complement).  To  these 
mixtures  the  bacteria  are  then  adtled.  In  adding  the  bacterial  emulsion 
to  these  tubes,  the  writers  have  found  it  more  accurate  to  discanl  the 
use  of  the  platinum  loop  and  to  measure  the  bacterial  emulsion  in  a 
marked  capillary  pipette  such  as  that  used  in  the  opsonin  test.  (See  page 
285,  Fig.  08.)  The  controls  are  set  up  in  a  similar  way,  all  of  them  con- 
taining a  similar  quantity  of  bacterial  emulsion,  one  control  containing 
1.5  c.c.  of  salt  solution,  another  control  contaimng  1  c.c.  of  salt  solution  + 
0.5  c.c.  of  the  diluted  complement,  and  the  third  control  containing  in- 
activated normal  serum  1  c.c. -1-0.5  c.c.  of  diluted  complement.  Defi- 
nite quantities  of  these  mixtures,  taken  with  a  standard  loop,  or 
preferably  with  a  capillary  pipette,  are  plated  in  agar  immediately 
after  mixing. 

BACTERICIDAL   TEST   IN    VITRO 

(To  Dbtermikxi  thb  Bactkrioidai.  PowEii  OF  A.  TrraoiD  ImiiTNB  Serum 
AQAiNar  Typuow  Bacilu). 

Plates 

Poured 

After  3  Hn. 

al  37*  C 

1  cc. Immune Trph.Ser.  ItZOO    +0.6  c.c.  Typh.  Emulsion +  O.Sc.o.  Rab.Ser.  1:1S  I  C 

1    "          ••             "         •'  1:400     +0.S  ■•  •'  •■  +0.6 I  CulonlMk 

1 1:800     +0.S  "  ••  "  +0.6 )  „«,   ,  ni»i 

1 1:1600    +0.5  ••  ••  "  +0.5 j  Culani« 

1  "         ■•             ■'         "  1:3200   +0.6  "  "  "  +0.6 I  »■"'<""» 

1 '         "  1:(M00  +0.5  "  "  "  +0.5 1  Mot*  than 

1  "         "             ■•         "  1:12800  +  0.5  •'  ••  •'  +0.6 V  10,000 

1   "         "            "         ••  1:25000  +  0.5  "  ••  "  +0.5  "       "       "       "  1  Colonies 

CoMTttOLA 

ta  1 1.8  c.c  NaCl  + 0.5  Typh.  EmiUalon  Plated  Immediately  1  .More  llian 

^1.6    •■       ••     +0.5      •'  "  •■       after  3  lira.    J      ID.OOO 

lib    1.      "      "    +0.6     ■■  "        +0.6C.C.  Rab.Ser.  1:11     )  Colonic* 


I 


THE  TECHNIQUE  OF  SERITM  REACTIONS 


259 


After  incubation  for  two  or  three  hours  similar  quantities  are  again 
mejwured  into  tubes  of  inoltod  agar  with  the  capillary  pipette.  With  a 
little  practice,  great  accuracy  in  the.Hc  measurements  can  be  acquired. 
The  inoculated  agar  tube.'!  arc  very  thoroughly  mixed,  and  plates  are 
puureil.  At  the  end  of  twenty-four  liours'  incubation,  an  enumeration 
of  the  colonies  in  the  variou.s  plates  i.s  made  and  the  result.s  are  compared. 

The  in  rfitro  bactericidal  tests  have  been  employed,  practically,  chiefly 
in  ihe  diagnosis  of  typhoid  fever  by  Stern  and  Korte.'  While  the  serum 
of  normal  individuals  shows  practically  no  bactericidal  power  for 
typhoid  bacilli,  the  sera  of  typhoid  patients  may  be  actively  bacteri- 
cidal in  ilihitions  as  high  as  1  :  50,()(K). 

Hemolytic  Test*. — Determination  of  the  hemolytic  action  of  blood 
siTum,  bacterial  filtrates,  and  of  a  variety  of  other  substances,  such  as 
tiasue  extracts  and  animal  and  plant  poi-sons,  is  frequently  msule  in 
bact^>riological  laboratories.  Famiiiarity  with  the  methods  uf  carrj'ing 
out  such  tests  is  especially  essential  since  hemolytic  tests  are  also  em- 
ploywl  in  determining  other  serum  reactions,  such  as  the  "complement- 
fixation  tests"  discussed  in  another  section. 

For  these  tests  it  is  necessary  to  prepare  washed  red  corpuscles 
of  the  species  of  animal  against  which  the  hemolysins  are  to  be 
tested,  and  to  obtain  these,  blood  may  be  taken  in  one  of  the 
following  ways: 

-4.  If  small  quantities  of  blood  corpuscles  are  desired,  the  blood  may 
be  received  into  a  sterik'  test  tul«  into  which  a  copper  or  other  wire  bent 
int-o  a  loop  at  the  lower  end  has  bei'u  introduced.  This  is  u.sed  to 
prevent  clotting  and  to  remove  the  fibrin.  Immediately  after  receiving 
the  blood  into  this  tube,  the  wire  is  twirled  between  the  fingers  so  that 
the  blood  is  beaten  by  the  wiie  as  by  an  egg-beater.  \t  the  eml  of  five 
minutes  of  continuous  agitation,  the  fibrin  adhering  in  a  nrnss  to  the  wire 
may  be  lifted  out.  The  corpuscles  arc  then  washed  and  ceatrifugalized 
in  several  changes  of  salt  solution  to  remove  all  traces  of  serum,  and 
are  finally  emulsified  in  salt  solution. 

B.  The  blood  may  be  taken  into  a  centrifuge  tube  and  immediately 
centrifugalized  before  clotting  has  taken  place.  The  plasma  is  then 
poured  off  and  the  corpuscles  are  washed  with  salt  solution,  as  before, 
to  remove  the  serum. 

C.  The  blood  may  be  taken  directly  into  a  solution  containing 
five-tenths  per  cent  sodium  chlorid  and  one  per  cent  sodium  citrate. 


260  INFECTION  AND  IMMUNITY 

The  corpuscles  are  concentrated  hy  centrifugalization,  the  citrate  solu- 
tion is  decanted,  and  corpuscles  are  wawhefl  witli  wilt  iwlution,  as  before, 
to  remove  the  serum. 

D.  When  large  quantities  of  blooti  are  desired,  either  from  man  or 
from  an  animal,  the  blood  may  be  received  directly  into  a  flask  into 
which  a  dozen  or  more  glass  In-ads  or  short  pieces  of  glass  tubing  have 
been  placed.  The  flask  is  shaken  for  five  or  ten  minutes,  immediately 
aft«r  the  blood  has  been  taken  and,  in  this  way,  defibrination  is  accom- 
plished. 

Since,  for  comparative  tests,  it  is  necessary  to  establish  some  stand-  _. 
ard  concentration  of  red  blood  cells,  it  is  customary  in  these  tests  to  ■ 
employ  a  five  per  cent  emulsion  of  corpuscles  in  salt  solution.  To 
obtain  this,  one  volume  of  sediment  of  washed  red  blood  cells  is  mixed 
with  nineteen  parts  of  0.8.1  per  cent  salt  solution.*  Such  an  emulsion,  if 
kept  sterile  and  in  the  refrigerator,  will  serve  for  hemolytic  tests  for 
from  one  to  three  days.  An  emulsion  should  not  be  used  if  the  super- 
natant salt  solution  shows  any  transparent  redness,  as  this  indicates 
hemolysis. 

If  the  substance  in  which  hemolysins  are  to  be  determined  is  serum, 
this  should  be  inactivated  by  exposure  to  56°  C.  in  a  water  bath,  and 
to  each  test,  complement  may  \ye  addetl  in  the  form  of  fresh  guinea-pig 
or  rabbit's  senmi.  No  absolute  nile  for  the  quantity^  of  complement 
to  be  used  in  these  tests  can  be  given.  In  each  case  the  particular 
complement  use<l  should  l>e  titrated  to  determine  the  minimum  quan- 
tity which  will  produce  hemoly.>^is  of  1  c.c.  of  the  sensitized  cell  sus- 
pension. 

In  the  actual  lest,  mixtures  are  made  of  the  corpuscle  emulsion,  the 
inactivated  immune  serum,  and  complement  in  small  test  tubes  and  the 
volumes  of  the  various  tubes  made  equal  by  the  addition  of  definite 
quantities  of  salt  solution.  The  contents  of  the  tubes  are  thoroughly 
mixed  and  the  tubes  put  in  the  incubator  or  in  a  water  bath  at  37.5°  C. 
If  complete  hemolysis  occurs,  the  fluid  in  the  tube  will  assume  a  deep 
Bui^ndy  red.  If  no  hemolysis  occurs,  the  fluid  will  remain  uncolored 
and  the  corpu.sclcs  will  settle  out.  Incomplete  hemolysis  will  be  evi- 
denced by  a  lighter  tinge  of  red  in  the  tube  and  by  the  settling  out  of  a 
varying  quantity  of  blood  corpuscles. 


'  The  method  here  given  was  formerly  much  employed.  It  is  now  the  general 
practirc,  however,  to  use  one  volume  of  the  actual  sediment  to  nineteen  volumee  of 
salt  solution. 
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In  all  hemob'tic  testa  the  time  eleTiicnt  is  important.  No  hemolysis 
should  be  a^ljudged  as  incomplete  unless  at  least  one  hour  has  elapsed. 

laohemolysins  and  lao-a^Klutinins. — It  is  often  necessary  to  carry 
out  hemol>i.ic  and  hemagglutinating  tests  on  the  blood  corpuscles  of  one 
human  being  with  the  serum  of  another  in  order  to  determine  the  ad- 
visaliility  of  performing  transfusion.  In  this  case,  the  serum  of  the  re- 
cipient is  mixed  with  a  corpu.scle  emulsion  of  the  cells  of  the  donor, 
and  i>ice  versa.  This  is  conveniently  done  in  small  pipettes  by  the 
method  of  Ottenberg. 

By  the  determination  of  iso-agglutinins  and  isohemolj'sins  all  limuaii  beings 
can  be  di\'idc'd  into  four  groups  according  to  Landstcincr  and  otliera. 
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These  groupings  are  permanent  and  inheritable,  following  Mendel's  laws. 
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The  Detenuination  of  Antibodies  in  Sera  by  Complement  Fixation. — 

The  principle  of  complement  fixiit  ion,  discovered  \ty  Bordet  and  Gengou  ' 
in  1901,  has  been  utilized  both  in  hacteriologici.1  investigations,  and  in 
practical  diagnosis  for  the  determination  in  sermii  of  the  presence  of 
specific  antibodies.  The  reaction  depends  upon  the  fact  that  when  an 
antigen,  i.e.,  a  substance  capalile  of  stimulating  the  formation  of  anti- 
lK>die,s,  is  mixed  with  its  inactivated  antiserum,  in  the  presence  of  com- 
plement, the  complement  is  fixed  by  the  combined  immune  body  and 
antigen  can  no  longer  be  found  free  in  the  mixture.  If  such  a  mixture 
is  allowetl  to  stand  at  temperature  for  an  hour  or  more,  and  to  it  is 
then  added  an  emulsion  of  red  blood  cells  together  with  inactivated 
hemolj'tic  serum,  no  hemolysis  will  take  place,  since  there  is  no  free 
complement  to  complete  the  hemolj'tic  system.  If,  on  the  other  hand, 
the  original  mixture  contains  no  antiljody  for  the  antigen  used,  the 
complement  present  is  not  fixed  and  is  available  for  the  activation  of 
the  hemolj'tic  serum  later  added. 

The  reaction  thus  depends  upon  the  fact  that  neither  antigen  *  alone, 
nor  amboceptor  (ant.ilxidy)  alone,  can  fix  complement,  but  that  this 
fixation  is  carried  out  only  l>y  the  combinaticjn  of  antigen  plus  ambo- 
ceptor. Any  specific  can  be  determined  by  this  method,  provided  the 
homologous  antigen  is  used;  and  }dce  versa,  by  the  use  of  a  known  anti- 
body a  suspected  antigen  may  be  tletennined. 

Wien  testing  immune  sera  for  antibodies  given  rise  to  in  man  or 
animals  by  microorgani.sms  which  can  be  cultivated,  either  the  whole 
bacteria  or  extracts  of  the  bacteria  may  be  used  as  an  antigen. 

For  the  diagnosis  of  syphilis  by  this  method,  in  the  so-called  "  VVsisser- 
mann  reaction,"  the  antigen  employed  was  originally  obtained  by  the 
extraction  of  syphilitic  organs,  in  which  free  sj'philitie  antigens,  i.e., 
uncombined  products  of  Spirochicte  pallida,  were  assumed  to  be  present. 

It  has  been  more  recently  shown,  however,  that  the  Wassermann 
reaction  is  not  specific  in  juiy  sense  of  the  word  and  that  suitable  anti- 
gens can  be  produced  by  the  alcoholic  extraction  of  lipoids  from  the 
normal  organs  of  many  animals  and  man. 

Bacterial  extracts  for  complement-fixation  can  be  made  in  various 
ways.  The  use  of  thick  salt  solution  suspensions  of  the  cultures  them- 
selves Ls  not  advi-sable  because  of  the  anticomplementary  action  of 
such  suspensions.     Good  bacterial  antigens  can  be  proiluced  by  cen- 


'  Bordet  and  Gengou,  Ann.  de  I'inst.  Pasteur,  xv,  1901. 
*  Bordet  and  Gay,  Ann.  dc  rintit.  Paat«ur,  xx,  1906. 


I 


THE  TECHNIQUE  OF  SERUM  REACTIONS 


trifugalizing  them  from  salt  solution  suspensions  and  adding  to  about 
20  mgms.,  90  mgnis.  of  common  sjilt,  ruMiing  up  with  a  ghuss  rod  for 
an  hour,  and  then  adding  distilird  water  to  isotonicity.  This  is  the 
method  of  Bcsre-dlia.  This  method  has  been  used  with  success  by 
Miller  suid  Zinsser  in  the  case  of  tubercle  bacilli  for  complement^fixation 
in  tuberculosis. 

Wassermann  and  Bruck'  prepare  bacterial  antigen  by  emulsifjnng 
growths  of  alx>ut  ton  agar  slant  cultures  in  10  c.c.  of  sterile,  distilled 
water.  This  is  shaken  for  twenty-four  hours  in  a  shaking  apparatus. 
At  the  end  of  this  time  0.5  per  cent  of  carbolic  acid  is  addetl  and  the 
fluid  cleared  by  oentrifugalization. 

The  Wassermann  Test  for  the  Diagnosis  of  Syphilia.^^ — The  sub- 
stances for  the  test  are  the  following: 

I.  The  Antigen. — In  their  original  experiments,  Wassermann  and 
his  collaborators  made  use  of  salt'-solution  extracts  of  the  orgaiis  (chiefly 
of  the  spleen)  of  a  syphilitic  fetus.  The  tissue  was  cut  into  small  pieces 
and  to  one  part  by  weight  of  this  substance,  four  parts  of  normal  ssvlt 
solution  and  0.5  per  cent  of  carbolic  acid  were  added.  This  was  sliakcn 
in  a  shaking  apparatus  for  twenty-four  hours,  and  after  this  the  coarser 
particles  removed  by  eentrifugalization.  The  reddish  supernatant 
fluid  was  used  as  the  antigen  and  could  be  preserved  for  a  long  time  in 
dark  bottles  in  the  ice  chest. 

Alcoholic  extracts  of  s>-philitic  organs  were  subsequently  used  by  a 
number  of  authors,  sj-philitic  liver  being  extracted  for  twenty-four 
hours  with  five  times  the  volume  of  absolute  alcohol.  This  was  filtered 
through  paper  and  the  alcohol  evaporated  in  rar.uo  at  a  temperature 
not  above  40°  C.  Alwut  1  gram  of  this  material  was  then  emulsified 
in  100  c.c.  of  salt  solution  to  which  0.5  per  cent  of  carbolic  acid  has 
been  added. 

It  was  soon  found  that  the  Wassermann  antigen  was  a  purely  non- 
specific substance,  and  since  this  discovery  was  made  there  are  few 
laboratories  in  which  .syphilitic  organs  are  at  all  used.  It  appears  that 
lipoidal  extracts  from  ahin*t  any  tissue  can  lie  employed,  and  that 
fairly  useful  antigens  can  even  l>e  obtaine<l  with  solutions  of  commer- 
cial lecithin  and  mixtures  of  commercial  lecithin  and  sodium  oleate.  It 
is  apparent,  therefore,  that  in  the  Wassermann  reaction  an  even  sus- 


'  WaMcrmann  und  Bnuk,  Med.  Klinik,  S.'i,  100.5,  and  Dciit.  med.  Woch.,  xii,  1906. 
•  Wasaermann,  Neisarr  und  Bruck,  Deut.  med.  Woch.,  xi.x,  100(5;  Watsennann, 
Neitser,  Bruck  und  Schucht,  Zeit.  f.  Hyg.,  Iv,  1906, 
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pension  of  lipoiciul  substances  constitutes  the  antigen,  and  that  the 
complement-fixing  complex  is  made  by  these  antigens  in  combination 
with  some  sul>stanee  spoken  of  by  Noguchi  lus  "lipotropic"  in  the 
sj'philitic  serum,  which  has  probably  no  relation  to  true  antibody. 
Our  own  work  with  treponema  pallidum  antigen  would  tend  to  con- 
firm this,  !is  well  as  the  experience  of  Noguchi,  Craig  anri  Nichols, 
Kobner,  and  others,  who  have  found  that  a  pure  treponema  pallidum 
extract  gives  reactions  in  only  a  few  lat«  tertiary  cases,  running  not 
at  all  parallel  to  the  fixatioas  obtained  ivith  non-specific  lipoidal  sub- 
stances. Although  we  are,  at  the  present  writing,  still  in  the  dark 
as  to  whether  the  syphilitic  antigen  depends  for  its  properties  upon 
the  lipoidal  nature  of  the  extracts  or  upon  the  size  and  dispersion  of 
the  particles  present  in  the  extracts,  we  can  still  assert  that  the  test  is 
reliable  and,  with  care  in  execution  and  interpretation,  of  enormous 
value  in  the  diagnosis  of  sj-philis.  However,  it  is  necessary  to  recognize 
that  it  is  surely  not  a  specific  antigen-antibody  reaction. 

The  antigens  most  commonly  in  use  today  are  prepared  as  follows: 

1.  Beef  lieart  or  guinea-pig  heart  muscle  is  finely  chopped  up  and 
extracted  in  five  times  its  volume  of  absolute  alcohol.  This  mixture 
is  kept  5  to  7  days  in  the  incubator,  being  frequently  shaken.  It  is  then 
filtered  and  titrated.    Human  heart  muscle  may  also  be  used. 

2.  Noguchi's  Acetone  Insoluble  Lipoid  Antigen.  Fresh  spleen  is 
macerated  and  extracted  for  5  to  7  days  in  the  incubator  in  five  times 
its  volume  of  absolute  alcohol,  l)eing  frequently  shaken.  It  is  then  fil- 
tered and  evaporated  to  dryness  with  the  aid  of  a  fan.  The  .stick}' 
residue  is  taken  up  in  a  small  quantity  of  ether  and  this  ether  solution 
poured  into  four  times  its  volume  of  C  P.  acetone.  The  floccular  pre- 
cipitate which  forms  is  collected  and  can  be  preserved  under  acetone. 
About  0.2  grams  of  this  past«  is  dissolved  in  5  c.c.  of  ether.  This  is 
shaken  up  with  100  c.c.  of  salt  solution  until  the  ether  is  evaporat«i. 
The  resulting  antigen  is  titrated. 

3.  Cbolesteriniaed  Antigen.  According  to  the  researches  of  Sachs 
and  Rondoni,  Browning  and  Cruikshank,  and  Walker  and  Swift,  an- 
tigen can  be  made  more  delicate  by  the  addition  of  cholesterin.  Walker 
and  Swift  reconmiend  that  an  alcoholic  extract  of  human  or  guinea-pig 
heart  be  made  up  to  a  concentration  of  0.4  per  cent  of  cholesterin. 

A  large  numl)er  of  other  antigens  might  be  mentioneti,  but  we 
think  that  the  three  mentioned  alx)ve  represent  the  moat  important, 
and  in  principle  all  of  those  at  present  in  common  use. 

Before  an  antigen  can  l)e  used  for  the  actual  test,  it  is  necessary  to 
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determine  the  quantity  which  will  furnish  a  valid  result.  The  sub- 
stances which  arc  used  as  antigens  often  have  the  power,  if  used  in  too 
large  ciuantity,  of  themselves  binding  tMnnplement.  It  is  necessary, 
therefore,  to  determine  the  largest  quantity  of  each  given  antigen  which 
may  be  used  without  exerting  an  anti-complementary  action,  i.e.,  which 
will  not  inhibit,  in  the  presence  of  normal  serum  but  which  will  at  the 
same  time  inhibit  hemolysis  when  syphilitic  serum  is  used.  This  is  done 
by  mixing  grade<i  quantities  of  the  antigen  with  a  constant  quantity 
of  complement  (0.1  c.c.  of  fresh  guinea-pig  serum),  in  duplicate  sets, 
adding  to  each  tube  of  one  set  0.2  c.c.  of  a  nonnal  serum,  and  to  the  other 
0.2  c.c.  of  a  known  sj'philitic  serum.  These  substances  are  allowed  to 
remain  together  for  one  hour  and  then  red  blood  corpuscles  and  inac- 
tivated hemoljiic  serum  are  added.  The  quantity  which  has  given 
oomplet.e  inhibition  with  the  sj'philitic  serum,  but  absolutely  no  inhibi- 
tion with  normal  serum,  is  the  one  to  be  employed  in  sulisequent  re- 
actions. Before  actual  use,  it  is  convenient  to  make  a  dilution  of  antigen 
in  salt  solution  in  such  a  way  that  1  c.c.  shall  contain  the  amount  re- 
quired. Thus  if  0.05  c.c.  is  wanted,  mix  0.5  c.c.  with  9.5  c.c.  salt  solu- 
tion.   Then  1  c.c.  of  this  can  be  added  to  each  tube  in  the  test. 

II.  The  Hemolytic  Serum. — The  hemol>i;ic  amboceptor,  for  the 
reaction,  is  obtained  by  injecting  into  rabbits  the  washed  red  blood 
corpuscles  of  a  sheep.  A  5  per  cent  emulsion  of  the  corpascles  is  made 
and  of  this  5  c.c,  10  c.c,  15  c.c,  etc.,  are  injected  at  intervals  of  five 
or  six  days.  Three  or  four  graded  injections  of  this  kind  are  usually 
sufficient  to  furnish  a  serum  of  adequate  hemolytic  power.  The  injec- 
tions may  be  made  intraperitoncally  or  intravenously.  About  nine  or 
ten  days  after  the  last  injection  of  corpuscles,  the  rai>bit  is  bled  from  the 
carotid  artery  and  the  senmi  obtained  by  pipetting  it  from  the  clot. 

It  is  best  to  have  a  hcmoljiic  serum  of  high  potency  in  order  that  the 
quantities  u.sed  for  the  reaction  may  be  as  small  as  possible.  This  is 
desirable  because  of  the  fact  that  the  serum  may  contain  small  amounts 
of  precipitins  for  sheep's  senmi,  due  to  insufficient  washing  of  the  cor- 
puscles employed  in  the  immunization. 

It  is  necessary  to  carefully  titrate  the  hemolytic  serum.  For  the 
actual  n-action  most  ob.servers  make  use  of  two  hemolytic  units.  A  hem- 
olytic unit  is  the  quantity  of  inactivated  innnune  serum  which,  in  the 
presence  of  complement,  suffices  to  cause  complete  hemolysis  in  I  c.c. 
of  a  5  per  cent  emulsion  of  washed  bliMid  corpuscles.  It  is  the  cu.stom 
in  most  laboratories  today  to  halve  all  the  quantities,  using  0.5  c.c.  of 
the  suspension  instead  of  1.0  c.c.  and  other  ingredients  accordingly. 
18 
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Noguchi '  has  pointed  out  very  cloariy  the  dangers  of  not  delicately 
adjusting  the  quantity  of  amlxjceptor  used  in  the  reaction.  He  calls 
attention  to  the  experiniente  of  Morgcnroth  and  Sachs  *  who  have 
shown  that  the  relationship  between  complenipnt  and  amboceptor 
necessary  for  hemolytic  reactions  is  one  of  inverse  proportions.  In 
their  own  words,  "in  the  presence  of  larger  quantities  of  amboceptor, 
smaller  quantities  of  complement  suffice,"  and  vice  versa.  Noguchi, 
in  his  work,  has  found  that,  while  in  the  presence  of  one  unit  of  amJjo- 
ceptor,  0.1  c.c.  of  guinea-pig's  complement  is  required  to  produce 
hemolysis,  by  using  four,  eight,  nnd  twenty  units  of  amboceptor,  com- 
plete hemolysis  is  obtainable  with  one-third,  one-fifth,  and  one-tenth 
of  the  O.I  c.c.  of  complement,  respectively.  For  this  reason  an  excess 
of  amboceptor  might  result  in  complete  hemolysis  in  a  test,  if  a  small 
fraction  of  the  complement  were  left  unfixed  by  the  sj-philitic  antibody. 
Another  result  of  an  excess  of  amboceptor  would  consist  in  a  partial 
tiissociation  of  the  complement  from  its  combination  with  the  antigen- 
antiljody  compound.  As  Noguchi  puts  it,  "a  quantity  of  syphiUtic 
antiljody  just  sufficient  to  fix  0.1  c.c.  of  the  complement  against  two 
units  of  the  amboceptor  is  no  longer  efficient  in  hokling  back  the  com- 
pU'tnent  from  partial  liberation  again.st  the  influence  exerted  by  more 
than  four  units  of  the  amboceptor," 

From  these  considerations  it  follows  that  the  serum  from  rabbits 
immunized  against  sheep  corpuscles  must,  in  each  case,  be  titrated  in 
order  to  determine  the  hemolytic  unit.  For  this  purpose  a  number  of 
mixtures  are  made  in  test  tubes,  containing  each  0. 1  c.c.  of  complement 
(fresh  guinea-pig  serum),  1  c.c.  of  a  5  per  cent  emulsion  of  sheep's  cor- 
pt^cles,  and  diminishing  quantities  of  the  inactivated  hemolytic  serum, 
thus: 


I 


P 


.1  c.c,  of 

couijilement 

fresh  i-  +  - 

guinea-pig 
serum. 


1  c.c. 

of  5  per 
ceut 

cmiil- 
Hion 

sheep's 

corpus- 
cles. 


^  + 


Inac- 
livutcd 
hemo- 

Ij'tic 
serum. 


.01  c.c.  =  complcto  hemolysis 
.009  c.c.  =  complete  hemolysis 
.005  c.c.  =  complete  hemolysis 
.003  c.c.  =  complete  hemolysis 
.001  c.c.  =  coiuplelB  beinolysis 
.0000  c.c.  =  partiiil  hemolysis 
.000.5  c.c.  =  no  hemi)lyaia 
,  .0003  c.c.  =  no  hemolysis.  • 


»  Noguchi,  Proc.  Soc.  for  Exper.  Uiol.  und  Med.,  \1,  3,  1900. 
*  Morgenrolh  und  Sacht,  in  Ehrhch'a  "Gesammclle  Arbeiten,"  etc.,  Berlin,  1904. 
'  In  each  tube  the  volume  of  the  mixture  should  be  made  up  to  5  c.c.  with  0.85 
per  cent  wit  solution. 
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In  the  given  case,  0.001  t-.e.  t)f  tlie  serum  represents  one  unit,  and 
0.(M)2  C.C.,  two  units,  is  the-  quantity  to  be  usetl  for  eiich  test. 

III.  The  Complement.— The  complement  used  in  Wa-ssemiann  re- 
action is  fresh  guinea-pig  serum.  Tliis  may  be  obtained  in  one  of  tiie 
following  ways:  A  guinea-pig  may  be  killed  by  an  iueision  in  the  throat 
and  the  blood  allowed  to  flow  into  a  large  Petri  lUsh.  This  is  set  away 
in  the  ice  chest  until  dear  heads  of  serum  have  formed  upon  the  sur- 
face, and  these  are  then  carefully  removed  with  a  pipette. 

It  is  more  economical  to  puncture  the  Ix'art  of  large  guinea-pigs 
with  a  needle  attached  to  a  syringe  and  witliilraw  5  or  6  c.c.  of  blood 
without  killing  the  animal.  This  can  be  transferred  to  a  centrifuge 
tube  and  the  senun  obtained  by  cent  rif ligation  after  clotting.  Serum 
used  as  complement  in  the  Was-sermann  reaction  must  be  titrated  each 
day  before  reactions  are  done.  This  is  tlone  by  putting  into  a  scries  of 
tubes  1.0  c.c.  (or  if  half  quantities  are  used,  a.s  with  us,  0..5  c.c.)  of  the 
cell  saspension  sensitized  with  2  units  of  amlKjceptor,  and  adding  to 
these  tubes  varjing  quantities  of  guinea-pig  serum.  The  guinea-pig 
serum  is  best  diluted  1:10  in  salt  solution,  and  quantities  ranging  from 
0.05  to  0.35  c.c.  are  added  to  the  tul>es.  The  unit  is  the  amount  in  the 
tube  which  shows  complete  hemolysis  at  the  end  of  an  hour.  The  re- 
actions are  usually  complete  in  about  30  minutes.  Two  unit^j  of  the  com- 
plement are  used  in  the  ordinary  test.  The  titration  of  the  complement 
is  one  of  the  most  important  steps  in  accurate  work. 

IV.  The  Sheep  Corpuscles. — The  sheep  corpuscles  for  the  actual  re- 
action are  obtained  by  receiving  the  blood  in  a  snudl  flask  containing 
a  sterile  solution  of  a  0.5  per  cent  sodimn  citrate  and  0.85  per  cent 
sodium  chloride,  or  into  one  containing  glass  l)eads  or  short  pieces  of 
glass  tubing.  In  the  former  csise,  the  citrate  solution  prevents  clotting 
and  the  corpuscles  may  be  washed  free  from  the  citrate  solution  and 
emulsified  in  salt  solution  before  use  in  the  test.  In  the  latter  case,  it 
is  necessary  to  shake  the  IjIoixI  in  the  flask  immediately  after  taking, 
and  to  continue  the  shaking  motion  for  alxiut  ten  minutes.  The  cor- 
pu.scles  are  washed  free  from  serum  by  at  least  3  washings  in  salt  solu- 
tion. A  5  per  cent  suspension  of  the  corpuscles  is  employed  for  the  test, 
made  by  measuring  the  bulk  of  cent  rif  ugalized  corpuscles  and  adding 
nineteen  parts  of  sterile  salt  solution. 

V.  The  Serum  to  he  Tested  for  Syphilitic  Antibody. — The  serum  of 
tlie  patient  is  best  obtained  in  the  saint'  way  that  blood  Is  obtained  for 
blood  cultures.  After  surgical  precautions,  a  nectlle  is  plunged  into  the 
mediim  basilic  vein  and  3  or  4  c.c.  of  blood  are  removed,    Before  use 
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for  the  test,  the  patient's  scrum  must  be  inactivated  by  heating  in  a 
water  bath  to  56°  C.  for  twenty  niiiiutos  to  half  an  hour. 

The  Test. — The  actual  test  for  antibody  in  a  suspected  serum  is 
carried  out  in  the  following  way:  In  a  test-tul>e  of  suitalale  size,  2  units 
of  the  complement,  0.2  e.e.  of  the  inactivated  .suspected  serum,  and  the 
antigen,  in  quantity  det^^miined  by  titration,  are  mixed,  and  the  total 
volume  brought  up  to  3  c.c.  with  normal  salt  solution.  This  mixture  is 
thoroughly  shaken,  and  placed  for  one  hour  in  a  water  bath  or  in  the 
incubator  at  37.5°  C.  Recently  it  has  been  found  that  more  delicate 
results  are  obtained  when  the  fixation  is  allowed  to  take  place  in  the 
refrigerator  for  three  or  four  hours — the  so-called  "ice-box  method." 
At  the  end  of  this  preliminary  incubation  there  is  addetl  1  c.c.  of  a  5 
per  cent  emulsion  of  sheep's  corpuscles,  and  two  units  of  hemolytic 
amboceptor,  determinetl  by  a  titration  of  the  inactivated  hemoljiic 
rabbit  serum,  as  described  alwve.  This  mixture  is  again  placed  at  37.5° 
C.  for  one  to  two  hours.  If  the  antiljody  is  present  in  the  saspected 
serum,  no  hemolysis  takes  place.    If  absent,  hemolysis  is  complete. 

In  our  own  work  all  tests  are  done  in  half  the  quantities  of  the 
original  Waasermann.  Hence  only  0.1  c.c.  of  the  patient's  scrum,  and 
the  antigen  and  complement  as  cletennined  in  titrations  with  0.5  c.c. 
of  the  cells  are  mixed  in  a  total  volume  of  1.5  c.c.  At  the  end  of  the 
preliminary  incubation,  0.5  c.c.  of  cells  previously  sensitized  with  2 
units  of  amboceptor  are  juldeil. 

No  test  is  of  u.se  unless  suitable  controls  are  made.  The  controls 
set  up  should  be  as  follows: 

Control  1.  For  each  serum  tested  the  mixture  described  above, 
omitting  antigen. 

Controls  2  and  3.  The  mixture  made  as  in  the  test  but  with  known 
syphilitic  serum  (2)  with  and  (3)  without  antigen. 

Controls  4  and  5.  The  mbcture  made  as  in  the  test,  but  with  normal 
serum  (4)  with  and  (5)  without  antigen. 

Controls  6  and  7.  The  hemolytic  system,  complement,  blood  cells 
and  amboceptor,  .set  up  in  order  to  show  that  the  system  Ls  in  working 
order  (6)  with  and  (7)  without  antigen.  It  is  convenient  to  set  the 
tubes  in  two  rows  in  a  rack,  the  front  row  containing  antigen,  the  back 
row  containing  the  same  mixture  without  antigen. 

In  a  positive  test,  the  test  itself,  and  Control  2,  alone,  shouki  show 
inhibitetl  hemolysis.  The  other  tubes  shouki  show  complete  solution 
of  the  hemoglobin.    (See  scheme,  p.  259.) 

Modifications  of  the  Wassennann  Test. — Since  the  ori^nal  fur- 
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tnulation  of  tho  Wassprnianii  rcai'tion  n  Krcat  many  mndifieations  have 
boi-n  .suRgestrd  by  various*  workers,  sLtiiu-  of  tlirin  hcing  radical  changes 
invoUnng  Uir  altering  of  the  hemolytic  system;  others,  however,  merely 
adding  precautions  here  and  there  to  increase  the  <lelicacy  of  the  reac- 
tion. The  literature  on  this  suljject  is  tt)0  vitlmninous  to  be  com- 
,  pletely  covered.  We  indicate,  therefore,  some  of  the  mo8t  important 
changes  from  the  original  that,  have  Iwen  found  valuable,  and  give  in 
greater  detail  the  methods  as  at  present  in  u.se  in  our  own  laboratory. 

Bauer  has  caUe<l  attention  that  human  nenim  contains  a  certain  amount  of 
'  nntural  hemolysin  for  sheep  oorpusrlps.  In  his  oriKinal  modifiratioii,  therefore,  he 
dues  Dot  u-se  hemolytic  rubliil  wriiui  us  nni\~xircplnr.  His  moiiification  as  a  whole 
cannot  be  accepted  for  general  use  because  human  sera  do  not  contain  a  uniform 
,  Amount  of  hemolysin  for  sheep  cells,  and  some  contaiu  none  whatever.  However, 
the  presence  of  natural  amboceptor,  .so-c.iUed,  in  human  sera  ia  taken  account  of 
by  many  workers,  and  it  Lh  importmil  to  reroRnizc  thin,  .since  naturally  it  add-s  to 
the  amI)oceptor  adde<i  with  sen.sitized  cells  and  leads  to  a  lack  of  uniformity  in 
the  dosage  of  amboceptor  in  individual  tulies  if  included. 

Nopirhi  ha-s  worked  out  a  te.st  in  wiiicli  the  difficulties  presented  by  the  pres- 
ence of  normal  sheep  amboceptor  are  eliminatetl,  in  that  he  u.ses  an  antihuman 
hemolytic  scrum  and  huniiin  cclLs  as  the  hemolytic  .system.  It  enables  him  also  to 
use  the  cells  of  the  patient  or  of  any  other  human  beinf;,  thus  eliminating  the  neces- 
sity of  getting  fresh  sheep  cells.     His  tests  arc  set  up  as  follows: 

Tut»  I.  1  drop  patirnt'i  acrum  +  complpmrnt  (0  1  px.  of  40  per  c«Dt  cuin«s-pi(  Mram)  +  ■lili|«n- 

Tube  3.  1  drop  uetieBt's  Mruni  +  romplenu'lit.     (No  antigen) 

Tube  3.  1  drop  known  a>'pliUilic  serum  +  complemeat  +  kntigen. 

Tube  4.  1  drop  known  a>'pht)itir  «'rum+  cnmplenient.     (No  antigen.) 

Tube  5.  I  drop  known  normal  ^rum  +  complement  +  antigen. 

Tube  6.  1  drop  known  nornmi  (»pntni  +  roni[»lompnt.     (No  antigen.) 

Tube  7.  Complenient  alone  (for  hemolytic  system  control). 

To  each  tube  then  add  1.0  c.c.  of  the  one  per  cent  emulsion  of  human  corpuscles. 
Shake  mixturej^  thoroughly  and  incubate  r>r  place  in  water  bath  at  3.S— U)°  C.  for  one 
hour.  Then  add  to  each  tube  2  units  of  anfihumnn  Hmbocei)fcir  (serum  of  rabbit 
immunized  with  human  cells)  and  replace  in  water  bath  for  one  hour,  .^t  the  end 
of  this  time  in  a  positive  test  there  will  be  no  hemolysis  in  Tubes  1  and  3  while  all 
the  other  tubes  will  show  hemolysis. 

The  method  of  Noguchi  is  still  used  by  a  few  investigators,  but  is 
not  at  present  in  conmion  use,  though  we  have  no  doubt  that  if  sys- 
tematically followed  it  would  flevelop  a.s  (luite  siitisfaetorj'. 

The  tests  are  done  in  our  own  lalwratory  with  the  original  sheep 
cell— antisheep  serum  hemoh'tie  system.  They  are  done  in  half  quan- 
tities, titrations  being  made  with  0.5  c.e.  of  a  5  per  cent  emulsion  of 
washed  sheep  cells.  Each  day  the  complement*(fre.sh  guinea-pig  diluted 
1  :  10)  is  titrated  with  cells  sensitized  with  2  units  of  stock  amboceptor. 
Fresh  amlxjceptors  are  titrated  from  time  to  time  so  that  a  reasonable 
constancy  is  obtained.  The  hemolj^ic  system  is  kept  as  constant  as 
possible  from  day  to  day.  The  unit  (minimal  hemoljlic  amount)  of 
a  new  specimen  of  amboceptor  is  detennined  by  titrating  it  on  a  num- 
ber of  successive  days  with  0.5  c.c.  of  5  per  cent  cells  and  0.5  e.c.  of 
10  per  cent  guinea-pig  sera,  readings  being  made  at  the  end  of  a  half 
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hour.  Wlipn  pomplenipnt  is  then  Hubspquently  titratrd  with  2  such 
amlMiccptur  units  iind  (Lo  v.v.  of  5  jxt  cent  red  cells,  it  is  usually  foiinrl 
that  the  minimal  hemolytic,  dose  nf  complement  lies  between  0.2  and 
0.2.5  e.c,  an<l  in  the  actual  tests  twice  this  minimal  heniol>iic  doso  of 
complemetit  is  u.scd  with  the  2  units  of  anihocqitor.  The  daily  titra- 
tion of  complement  frequently  shows  marked  variations  even  though 

SCHEME  FOR   W.VSSERMA^N  TEST. 

ADAPTBD  TO    ORIGINAL   WASSKRMANN   8T8TEM    AFTER   SCHEME   OP    NOOtTCHI. 
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O  =  iL-st  I  ul>e. 

Place  in  wat<»r  bath  at  40°  C.  for  one  hour,  then  adrl  to  all  tvibcs  ro<l  blood  cells  and 
amltuceptor.  The.se  are  previously  niixe<t  so  that  2  c.c.  cont-iilns  (he  equivalents  of 
1  cc.  of  a  5  per  cent  emulsion  of  sheep  corpascles  and  2  uniUi  of  anilxietrptor.  Again 
exjKise  toiO'C.  If  the  serum  leslol  is  positive,  tuhca  1  and  .3  should  sliow  no 
hemolysis,  all  the  other  tubes  showing  complete  hemolysis  ia  one  hour. 

the  complement  is  obtained  from  a  mnnber  of  guinea-pigs.  By  always 
using  twice  the  amount  whieh  just  lakes  with  2  units  of  amboceptor, 
one  keeps  the  actual  amount  of  complement  tis  nearly  as  possible 
constant. 

Obviously  one  can  titrate  the  strength  of  the  reaction  by  varjing 
the  amount  of  any  one  of  the  three  ingredients  which  primarily  enter 
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into  it — the  antigen,  the  patient's  serum,  or  the  complement,  and  a\\ 
[three  of  these  systems  have  been  proposed  and  used  with  success  l)y 
[different  workers.  The  method  which  is  most  commonly  used  is  tlxat 
of  Citron  and  coasists  of  using  diminishing  quantities  of  both  antigen 
and  patient's  serum.  Citron  in  addition  to  the  main  tube  uses  iine 
additional  tulje  containing  one-half  the  amount  of  patient's  senmi 
and  one-half  the  amount  of  antigen  used  in  the  main  tube,  and  he  ex- 
presses his  results  tis  follows: 

If  lx)th  tubes  show  complete  inhibition .  +  +  +  + 

If  the  main  tube  shows  complete  inhibition  and  the  half  dose 

tube  almost  complete +  +  + 

If  the  main  tub<i  shows  complete  inhibition  and  the  second 

tulie  faint  inhibition -|-  -|- 

If  the  main  tulx'  shows  incomplete  inhibition  and  the  second 

tui)e  none  or  little -|- 

If  the  main  tulie  shows  very  faint  inhibition  and  the  second 

tube  shows  none ± 

"+  +  +  +  ,"  "+-f-+,"  and  "  +  +"  are  regarded  as  conclusive  results; 
"  +  "  as  a  probable  positive;  "±"  as  auspicious  merely. 

The  Determination  of  Antigren  by  Complement  Fixation. — The  prin- 
ciples underlying  the  prccctliiig  tests  for  the  determination  of  sus- 
pected antibodies  may  be  erjually  applied  to  the  determination  of 
suspected  antigen.  In  the  former  case  it  was  necessary  to  bring  the 
serum  to  be  teste<l  into  contact  with  the  antigen  .specific  for  the  suspected 
antibody,  in  the  presence  of  complement,  and  at  a  suitable  tempera- 
ture. At  the  end  of  an  hour  the  mixture  was  tested  for  free  comple- 
ment by  the  addition  of  hcmol.rtic  amboceptor  and  red  blood  cells. 
In  testing  f(tr  antigen,  tlie  procedure  is  reversed,  in  thiit  the  serum  or 
other  substance  (bacterial  extract)  to  \>e  tested  is  brought  into  contact 
\snth  an  antiboily  specific  for  the  antigen,  in  the  presence  of  complement; 
and  at  the  end  of  an  hour  at  suitalile  temperature,  free  complement 
is  again  determined  by  hemoljlic  reaction  as  before. 

\Vlien  dealing  with  bacterial  antigen,  it  is  nccessarj',  therefore,  to 
prepare  a  highly'  potent  ininmne  senun  again.st  the  bacteria  which 
contain  the  specific  antigen  which  is  sought. 

Thus  in  testing  for  tv^phoid-bacillas  antigen  in  the  serum  of  a  patient, 
the  substjuices  required  are  sis  follows: 

1.  Complement:  obtained  from  fresh  guinea-pig  serum.  It  is  best 
to  titrate  the  complement  when  possible,  using  for  the  test  double  the 
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quantity  necessary  to  produce  complete  hemolysis  of  1  c.c.  of  a  five 
per  cent  emulsion  of  hloo<i  cells,  in  the  presence  of  two  units  of  ambo- 
ceptor. 

2.  Hemolytic  amboceptor:  rabbit  serum  hemolytic  for  sheep  cor- 
puscles.    Inactivatetl  and  titrated  as  for  Wasseriiiann  test. 

3.  A  five-per-cent  emulsion  of  sheep  corpuscles  in  salt  .solution,  pre- 
pared as  for  Wfvssermann  test. 

4.  A  highly  potent  tj-phoid  antiserum  obtained  from  an  immunized 
rabbit.  In  this  case  the  smallest  quantity  of  the  immune  »crum  which 
will  cause  the  fixation  of  complement  in  the  presence  of  an  emulsion  or 
extract  of  knowai  tj-plioid  ijacilli  is  determined  by  experiiinnit. 

It  is  best  to  rub  up  the  centrifuRalized  bacteria  with  dry  salt,  adding 
distilled  water  to  isotonicity.  When  the  extract  is  made,  its  anticom- 
plementary dose  is  determined  and  the  minimiun  C]uafitity  which  in  the 
presence  of  known  antitj^ihoid  serum  will  fbc  complement.  These  pre- 
liminary titrations  are  analogous  to  those  des<'rib('d  ivs  preliminarj*  to 
the  Wa.s.sermann  test.  When  these  quantities  fiave  Ix-en  determined, 
an  amount  of  the  bacillary  extract  (alx)ut  1-3  or  1—4  of  the  anticom- 
plementary dose)  is  chosen  for  the  actual  tests.  It  is  well,  also,  in  such 
tests  to  detennine  the  muount  which  will  fix  complement  in  the  pres- 
ence of  a  known  normal  serum,  since  occasional  presence  of  antibodies 
against  .some  bacteria  in  normal  serum  may  otherwise  confuse  the  test. 
The  quantities  of  antigen  and  complement  nmst  then  be  chosen  for  the 
test  in  such  proportions  that  no  fixation  will  occur  with  normal  serum. 

5.  Serum  from  the  patient,  inactivated  at  56°  C,  for  twenty 
minutes. 

In  the  actual  test  a  series  of  tubes  are  prepared  each  of  which  con- 
tains: 

1.  Complement,  the  determined  quantity. 

2.  Antiserum,  the  determined  quantity. 

3.  Diminishing  quantities  of  the  inactivated  serum  to  be  testetl  for 
antigen  I>eginning  with  1  c.c. 

Salt  solution  is  twlded  for  dilution  to  3  c.c 

These  substances  are  left  together  at  37°  to  40°  C.  for  one  hour  and 
then  the  retjuired  quantities  of  amboceptor  and  red  cells  are  adtled. 
The  reaction  is  controlled  by  tubes  containing  the  same  ingretlii-nta 
without  the  typhoid  antiserum.  In  a  po.sitive  test  there  will  Ik*  no 
hemolysis  in  the  tulx\s  containing  the  patient's  serum. 
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Protein  Differentiation  by  Complement  Fixation. — That  the  technique 

of  complement  fixation  was  appHcabte  to  the  detennination  of  specific 

proteid  antigen — such  as  human  or  animal  lilood — w:i.s  shown  by  Gen- 

[gou  '  in  1902.    The  principles  worked  out  by  him  have  been  practically 

I  applied  by  Neisser  and  Sachs  -  and  others  to  the  foren.sic  differentiation 

of  animal  proteids  and  these  test.s  are  said  to  Ijc  more  tielicate  and 

reliable  than  precipitation  tests  made  for  the  same  purpo-se. 

The  substances  necessary  for  the  reaction  are  as  follows: 

1.  Complement,  titrated  as  above. 

2.  Hemolytic  amboceptor  as  above. 

3.  A  five-per-cent  emulsion  of  sheep  corpuscles  as  above. 

4.  Specific  antiserum. 

This  is  obtained  from  a  rabbit  immunized  with  the  proteid  for  which 
the  test  is  to  be  made;  viz.:  human  or  unimal  blood  serum.  This  must 
be  titrated.  In  order  to  do  this,  diminishing  quantities  of  the  antiserum 
are  mixed  in  a  series  of  tubes  with  the  detenninc<i  quantity  of  comple- 
ment, and  the  antigen  which  is  to  be  tested  for,  i.e.,  the  homologous 
serum  with  which  the  antiserum  has  been  producetl.  Since  the  test 
should  be  sufficiently  deficate  to  det<>rmine  0.0001  c.c.  of  the  antigen, 
this  quantity  is  added  to  each  tube.  The  actual  titration  is  as 
follows:  *  , 

1.  Antiserum,  un<lituted       .1  +  homologous  senmi  (KMl  +  ooniplemeat. 

2.  .\nti8erum  diluted  by  10.7.^ -|-  homologous  serum  .0001  +  complement. 

3.  Antiserum  diluted  by  10.75+  homologous  serum  ,0001  +  eomplement. 

4.  Antiserum  diluted  by  10.3  +  homologous  serum  .{KX)1  +  complement. 

etc.,  down  to  .1 

These  tubes  are  incubated  for  one  hour  and  hemolytic  amboceptor 
anfl  red  ])lood  cells  are  added.  The  smallest  quantity  of  antiserum 
whicli  has  completely  inhibited  hemolysis  is  the  "unit,"  and  one  and  a 
half  to  two  times  this  quantity  is  usefi  for  the  test. 

5.  A  solution  of  the  blood  spot  or  other  material  to  be  tested  pre- 
pare<l  as  for  precipitin  test.     (See  page  254.) 

For  the  actual  test  the  following  mixtures  are  maAe  in  a  series  of 
tubes,  each  of  which  contains: 


« Geniyni,  Ann.  de  V  Inst.  Pasteur,  1902. 
»  Nei»»rr  und  fSarfu,.  Berl.  klin.  Woch.,  1905  and  1906. 
and  liBvaditi  "Handbuch,"  etc. 
'  Cilron,  loc.  pit, 


See  also  Cilron,  in  Kraus 
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■   .     .  >  quantity  determined  by  titration. 

3.  Diminishing  quantities  of  the  substance  in  which  the  antigen  is  suspected, 
ranging  from  0.1  c.c.  downward  to  0.0001  c.c. 

Salt  solution  is  added  as  a  diluent  up  to  3  c.c.  and  the  tubes  are 
placed  in  the  incubator  or  water-bath  at  37.5"  to  40°  C.  At  the  end 
of  this  time  red  blood  cells  and  amboceptor  are  added  as  before. 

The  tubes  are  controlled  by  a  series  contuning  all  the  above  ingredi- 
ents except  the  antiserum. 


CHAPTER   XVII 


PHAGOCYTOSIS 


The  studies  on  immunity  which  we  have  outlined  in  the  precetling 
sections  have  dealt  entirely  with  the  phenomena  occurring  in  the  re- 
action between  bacteria  or  bacterial  products  and  the  body  iluids.  These 
studies,  we  have  seen,  have  Conned  thu  basis  of  a  theoR>tical  conception 
of  immunity  formulated  chiefly  by  the  Gennan  school  of  bacteriologists 
under  the  leadership  of  Ehrlich,  Pfeiffer,  Krusc,  and  others.  Parallel 
with  these  developments,  however,  investigations  on  uumunity  have 
been  carried  on  which  have  brought  to  light  many  important  facta  con- 
cerning the  participation  of  the  cellular  elements  of  the  body  in  its 
resistance  to  infectious  germs. 

The  inspiration  for  this  work  and  the  greater  part  of  the  theoretical 
considerations  which  have  been  baaed  upon  it  have  emanated  from 
Metchnikoflf'  and  his  numerous  pupils  at  the  Pasteur  Institute  in  Paris. 
The  phenomenon  which  these  observers  have  studied  in  great  detail 
and  upon  the  occurrence  of  which  they  have  based  their  conceptions  of 
immunity,  is  known  as  phagocytosis. 

It  is  well  known  that  among  the  lowest  unicellular  animals  the 
nutritive  process  consists  in  the  ingestion  of  minute  particles  of  organic 
matter  by  the  cell.  The  rhizopods,  which  may  be  found  and  studied 
in  water  from  stagnant  pools  or  infusions,  when  observed  under  the 
microscope,  may  be  seen  to  send  out  short  protoplasmic  processes,  the 
pseudof)odia,  by  means  of  which  they  gradually  flow  about  any  foreign 
particle  with  which  they  come  in  contact.  If  the  ingested  particle  is 
of  an  inorganic  nature  and  indigestiljle,  it  will  be  again  extruded  after  a 
varj'ing  period.  If,  however,  the  ingested  sub.stancc  is  of  a  nature  which 
can  be  utiUzed  in  the  nutrition  of  the  protozoon,  it  is  rapidly  surrounded 
by  a  small  vacuole  within  which  it  is  gradually  dissolved  and  becomes  a 
part  of  the  cellular  protoplasm.  This  digestion  within  the  unicellular 
organism  is  probably  due  to  a  proteolytic  enzyme*  which  acts  in  the 


ifeUhnikoff,  "  L'lmmuniU-  dans  lea  maliuJies  infect vieuae*." 
»  MouUm,  Ann.  de  I'iiist.  Pasteur,  xvi,  1902. 
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prest'nce  of  a  weakly  alkaline  reaction.  This  has  been  shown  by  the 
aftual  extraction,  from  ameba;,  of  a  t^J^>sin-like  fcnnent. 

As  we  proceed  higher  in  the  scale  of  the  anima!  kingdom,  we  find  that 
this  power  of  intracellular  digestion,  while  not  unifonnly  an  attribute  of 
all  the  body  cells,  is  still  well  dcvelopetl  and  a  necessarj'  physiological 
function  of  certain  cells  which  have  n>tained  priiniti%'e  characters.  In 
animals  like  the  ca*lenterata,  in  which  there  arc  two  cell  layers,  an 
entodenn  and  an  ectodenn,  the  ectodermal  cells  have  lost  the  power  of 
intracellular  digestion,  while  the  entudermal  cells  are  still  able  to  ingest 
and  digest  suitable  foreign  particles.  It  is  only  as  we  procecti  to  animals 
of  a  much  higher  organization  that  the  function  of  cell  ingestion  of  crude 
food  is  entirely  removed  from  the  process  of  general  nutrition.  Never- 
theless, in  these  animals  also,  the  actual  cell  ingestion  of  foreign  particles 
occurs,  but  it  is  now  limited  entirely  to  a  definite  group  of  cells.  In  the 
higher  animals  and  in  man,  this  function  of  phagocjiosis  is  limited 
to  the  white  blood  ceUs  of  the  circulation,  or  leucocytes,  to  certain  large 
endothelial  cells  lining  the  serous  cavities  and  blood-vessels,  and  to  celb 
of  a  rather  obscure  origin  which  contribute  to  the  fonnation  of  giant 
ceUa  within  the  tissues.  A  convenient  division  of  these  phagocytic  cells 
ia  that  into  "wandering  celLs"  and  "fi.xed  cells."  The  wandering  cells 
are  the  polymorphonuclear  leucocytes,  called  "microphagca"  by 
Metchnikoff.  and  certain  large  mononuclear  elements  or  "  macrophages." 
Fixed  cells,  also  called  macrophages  In'  Metchnikoff  and  possessing  the 
power  of  ameboid  motion,  include  the  cells  lining  the  seroua  cavities, 
and  the  blood  and  lymph  spaces.  The  small  lymphocytes,  so  far  as  we 
know,  have  no  phagocytic  functions. 

In  studying  the  cellular  activities  which  come  into  play  whenever 
foreign  material  of  any  description  gains  entrance  into  the  animal  body, 
a  definite  reaction  on  the  part  of  the  phagocytic  cells  may  be  obser\'ed. 
When  we  inject  into  the  peritoneal  cavity  of  a  guinea-pig  a  small  quan- 
tity of  nutrient  broth,  and  examine  the  exudate  within  the  cavity  from 
time  to  time,  we  can  ulwervc  at  first  a  diminution  from  the  normal  of 
the  cells  present  in  the  peritoneal  fluid.  This  may  be  due  either  to  an 
injury  of  the  leucocytes  by  the  injected  substance,  or  to  an  actual  repel- 
lent mfluence  which  the  injectetl  foreign  material  exerts  upon  the  wan- 
dering cells.'  Verj'  soon  after  this,  however,  the  exudate  becomes  ex- 
tremely rich  in  leucocytes,  chiefly  of  the  polymorphonuclear  variety,  the 
ma.vimum  of  the  reaction  being  reached  about  eighteen  to  twenty-foui 

*  Pirrmllini,  .Vm).  <le  I'inst.  Pa.stpur,  1897. 
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ours  after  tht-  injection.     After  this,  there  Is  a  gradual  diminution  in 
hv  leucocytic  elements  \mtil  the  fiuid  in  the  peritoneal  cavity  apain 
aches  its  nonnal  condition.     It  is  plain,  therefore,  that  the  presence 
of  the  foreign  material  in  the  peritoneal  cavity  has,  after  a  primarj' 
pellent  action  upon  the  phagocj-tes,  attracted  them  in  large  numbers 
'to  the  site  of  the  foreign  .suKstance.     Such  n^pelling  or  attracting  in- 
uenccs  upon   the  leucocytes  are  spoken  of  as  negative  or  positive 
ehemotaxis.     The  rca8on.s  for  chemotaxis  are  not  well  undei*stood.     In 
the  case  of  bacteria,  which  chiefly  interest  us  in  the  present  connection, 
hemotactic  attraction  or  repulsion  is  intimately  dependent  upon  the 
ature  of  the  micro<jrganism,  and  very  probaVily  has  a  definite  relation- 
ship to  its  virulcnc*'.     Whether  or  not  the  principles  of  chemotaxis  may 
serve  to  explain  the  hypo-  and  h\T>er-leucoc3rto8es,  observed  and  diag- 
nostieally  utilized  in  clinical  medicine,  is  by  no  means  positive.     It  is 
likely,  however,  that  the  two  plienoniena  urv  closely  associated.     Leva- 
diti  '  believed  that  he  obtainefl  some  evidence  that  negative  chemotaxis 
may  take  place  within  the  h!ood-ve,s.-wl.s  when  he  noticed  that  the  intra- 
venous injection  of  choleia  spirilla  into  immunized  guinea-pigs  resulted 
an  immediate  disappearance  of  leucocytes  from  the  circulating  blood, 
and  their  accumulation  in  the  internal  organs.    On  the  other  hand,  this 
may  possibly  Ix>  more  logically  exi)lainetl  by  a  concentration  of  both 
bacteria  and  leucocytes  in  the  capillarj'  system  of  such  an  organ  as  the 
liver,  as  it  is  known  that  injected  bacteria  rapidly  disappear  from  the 
general  circulation,  but  may  be  demonstrated  in  the  various  organs  for 
me  time  after  injection. 
We  have  seen,  therefore,  that  the  invasion  of  the  anima!  body  by 
foreign  material,  living  or  dead,  is  foUoweil  by  a  prompt  response  on  the 
part  of  the  phagocytic  cells.     In  the  case  of  bacteria,  when  these  are 
deposited  in  the  subcutaneous  areolar  tissues,  the  infiammatory  reaction 
which  follows  brings  with  it  an  emigration  of  microphages  (polynuclear 
leucocytes)   from  the  blood-vessels — and  these  arc  the  so-called  pus 
cells.     When  the  injection  of  bacteria  Is  intraperitoneal,  after  a  primary 
diminution,  then-  is  an  increase  of  leucocytes  in  the  peritoneal  cavity 
which  soon  results  in  the  formation  of  a  copious  turbid  exudate.     If  the 
piw  of  im  abscess  or  the  exudate  from  an  infected  peritoneum  is  ex- 
amined microscopically,  it  will  be  seen  that  many  of  the  microphages 
have  taken  bacteria  into  their  crtoplasm.     That  fully  virulent  living 
bacteria  can  be  so  taken  up  has  been  variously  proven.     The  phago- 
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cytosis  is,  therefore,  not  simply  a  removal  (jf  th('  doafl  bodies  of  bactcna 
previously  killeil  by  the  body-fluids,  but  represeiitt}  an  actual  attack  upon 
living  and  fully  virulent  inicroorjcanisniK.  That  the  ingested  bacteria  are 
often  alive  after  ingfs*t ion  is  proved  by  the  fact  that  the  injection  of  exu- 
date containing,  so  far  as  can  be  tletexmined,  only  intracellular  bacteria, 
has,  in  several  instances,  been  found  to  give  rise  to  infection. 

After  tlie  bacteria  have  remained  for  some  time  within  the  cytoplasm 
of  the  leucocyte,  vacuoles  may  be  seen  to  fomi  about  them,  similar  to 
those  mentioned  in  discussing  the  digestive  procosses  of  aniebav  If  the 
preparations  are,  at  this  stage  or  later,  stained  with  a  one-per-cent 
solution  of  ncutnd  red,  it  will  be  found  that  the  bacteria,  colorless  under 
normal  contlitions,  will  be  stainetl  pink,  an  evidence  of  their  beginning 
disintegration.  At  a  later  stage  in  the  process  of  intracellular  digestion,  fl 
the  bacteria  will  lose  their  fonn,  and  appear  swollen,  granular,  and  *" 
vacuolated,  and  finally  will  be  no  longer  distinguishable.  If,  on  the 
other  hand,  the  ingestion  of  bacteria  brings  about  the  death  of  a  leucocyte, 
the  neutral  red  will  not  .ntain  the  bacteria,  the  digestive  vacuoles  will  not 
fonn,  an^l  the  leucocyte  itself  will  disintegrate. 

It  must  not  be  forgotten,  however,  that  not  all  microorganisms  are 
equally  .>*usceptible  to  phagocytosis.  Some  may  resist  ingt«^tion  more 
energetically  than  others  by  agencies  not  fully  understood.  Others 
again,  like  the  tubercle  bacillus  and  the  anthrax  bacillus  for  instance, 
may,  after  ingestion,  oppose  groat  difficulties  to  intracellular  rlige.stion. 

To  a  certiiin  extent,  mon>ovcr,  the  variety  of  the  bacterium  deter- 
rainea  the  variety  of  phagocyte  attracted  to  the  point  of  invasion.  In 
the  cases  of  most  of  the  bacteria  of  acute  di.seases,  the  microphape.s  or 
polymorphonuclear  leucocytes  are  the  ones  up<jn  which  the  bnmt  of 
the  battle  devolve.<i.  Other  inva<ler«,  like  the  Bacillus  tuberculosiH, 
blastomyces.  and  others,  find  them.'<elves  oppo.sed  chiefly  by  the  macro- 
phages. Cells  of  aiiimal  origin,  wuch  sis  the  dead  or  injured  cC-lls  of  the 
animals'  own  body  or  the  cells  of  other  animals  artificially  introduced, 
are  ingested  by  macrophages.  This  is  true  also  of  many  parasites  of 
animal  nature. 

It  is  clear,  thus,  that  the  process  of  phagocytosis  is  a  universal  re- 
sponse on  the  part  of  the  body  to  the  invasion  of  foreign  particles  of 
dead  material,  of  alien  cells,  and  of  living  microorganisms.  It  remains 
to  be  shown  upon  what  basis  this  process  may  be  regarded  as  an  essential 
feature  in  protecting  the  body  against  infection. 

The  numerous  researches  of  Metchnikoff  have  brought  out  the 
important  fact  that  phagocytosis  is  regularly  more  active  in  cases  in 
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which  the  infected  animal  or  human  being  eventually  recovers.  In 
animals,  furlhcnuorc,  which  show  a  high  natural  resistance  against  any 
^veu  microorganism,  phagocytosis  is  di^cidcdly  more  energetic  than  it 
in  animals  more  susceptible  to  the  same  incitant.  Thus,  experiment- 
mg  with  anthrax  infection  in  rats,  MetchnikofT  was  able  to  show  that,  in 
these  animals,  a  decidedly  more  rapid  and  extensive  phagocj'tosis  of 
anthrax  bacilli  takes  place  than  in  rabbits  and  guinea-pigs  and  other 
animals  which  are  delicately  susceptible  to  this  infection.  While 
different  interpretations  have  been  attached  to  this  phenomenon,  its 
actual  occurrence  may  be  accepted  as  a  proven  fact. 

In  his  later  investigations,  furthennore,  MetchnikofT  was  able  to 
show  that  a  direct  panillelism  existed  between  the  tlevelopment  of 
immunity  in  an  artificially  immunized  animal  and  the  phagocytic  powers 
of  its  white  cells.  He  showed  that  rabbits  artificially  inunimized  to 
anthrax,  responded  to  anthrax  infection  by  a  fur  more  active  phagocy- 
tosis than  did  nomud,  fully  susceptible  animals  of  the  same  species. 

It  is  quite  impossible,  in  the  space  allotted,  to  recount  the  many 
similar  experiments  by  which  the  accuracy  of  these  observations  has  been 
confirmed.  While  few  bacteriologists  at  the  present  day  harbor  any 
doubt  as  to  the  truth  of  these  contentions,  the  fundamental  differences 
between  the  conclusions  drawn  from  these  various  phenomena  by  the 
school  of  Metchnikoff  and  by  that  of  the  German  workers  may  be 
clearly  stated  as  follows:  Metchnikoff  believes  that  phagoc\'to.sis  is 
the  cardinal  factor  which  determines  innnunity,  while  Pfeiffer  and 
others  maintain  that  the  determining  factors  upon  which  recovery  or 
lethal  outcome  depends,  lie  in  the  fluids  of  the  body,  the  serous  exudate 
and  its  contents  of  immime  Ixxly  and  compiement,  while  the  phagocy- 
tosis occurring  coincidently,  is  merely  a  means  of  removal  of  the  bacteria 
after  the  outcome  has  already  been  decided. 

In  the  furtheV  developments  of  his  theory,  Metchnikoff  has  claimed 
that  the  immune  body  and  complement — the  presence  of  which  in 
blood  .serum  and  exudates  he  by  no  means  overlook.s — are  derivatives 
of  the  leucocytes. 

The  immune  body  or  "fixator,"  a.s  Metchnikoff  has  named  it,  has 
been  shown  by  Was.sermann  and  Takaki'  to  be  mo.st  plentiful  in  the 
spleen,  lymph  nodes,  and  bone  marrow  of  animals — all  of  them  organs  in 
which  large  collections  of  leucocytic  elements  are  found.  Mctchnikoff's 
opinions  as  to  the  leucocytic  origin  of  the  complement,  or  "cji,aae," 

« WoMermann  und  Takaki,  Berl.  Win.  Woch..  1898. 
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have  found  support  in  the  experiments  of  Levaditi,'  who  was  able  to 
demonstrate  the  absence  of  complement  in  blood  plasma, — i.e.,  where  no 
destruction  of  leucocytes  had  taken  place — ^and  in  those  of  Cantucuz^Qe,' 
who  showed  that  cholera-immune  guinea-pigs  would  succumb  to  intra- 
peritoneal injection  of  these  bacteria  when  the  diapedesis  of  leucocytes 
had  been  prevented  by  the  administration  of  opium. 

The  chapter  of. phagocytosis  in  its  relation  to  bacterial  immunity  is 
by  no  means  closed.  The  problems  involved  in  it  are  intricate  and  will 
require  much  further  study.  The  subsequent  sections  upon  opsonins, 
aggressins,  and  upon  leucocyte  extract,  incorporate  the  more  recent 
studies  which  may  be  said  to  have  followed  logically  in  the  footsteps 
of  Metchnikoff's  work. 

>  Levaditi,  Presse  m&l.,  1900. 

*  Cantacuxine,  Ann.  de  llnst.  Pasteur,  1897 


CHAPTER  XVin 


OPSONINS,  LEUCOCYTE   EXTRACT,  AND   AGGRESS1N8 
OPSONINS 

ALTHough  the  theories  of  immunity  are,  as  we  have  stated,  generally 
classified  as  the  humoral  and  the  cellular  or  phagocji-ic  theories,  the 
fseparation  has  never,  even  in  the  iniuJs  of  the  warmest  partisans,  been 
an  absolute  one.  Thus,  Buchner  antl  his  successors  looked  for  the 
I  origin,  first,  of  alexin,  then  of  complement,  in  the  leucocytes",  and 
[Hetchnikoff  attributed  to  immune  serum  the  quality  of  stimulating  the 
lleucocytes  (stimulin.s)  to  increased  phagocytosis.  The  serum,  tvccord- 
jing  to  MetchnikofT,  acted,  not  directly  upon  the  bacteria,  in  the  nature 
'of  bactericidal  or  lytic  substances,  but  rather  upon  the  leucocytes,  pre- 
paring or  arming  these  for  the  fray.  Dcnys  and  Leclef '  werv,  the  first 
definitely  to  oppose  this  view.  These  authore,  on  the  basis  of  ex- 
periments  done  upon  streptococcus  iniraunity  in  rabbits,  came  to  the 
conclusion  that  the  serum  aided  phagocytasis  rather  by  its  action  upoiv 
the  bacteria  than  by  its  influence  upon  the  leucocytes. 

Wright'  in  1903  and  lUOl  undertook  a  systematic  study  of  the  re- 
lation of  the  blood  serum  to  phagocytosLs,  in  a  series  of  careful  experi- 
ments. Using  his  own  modiftciitions  of  the  technique  of  Leishnian,' 
he  first  iletemdned  the  diifct  dependence  of  phagocytosis  upon  .some 
substance  contained  in  the  blood  serum.  He  further  proved  conclu- 
sively that  this  .serum  component  acts  upon  the  bacteria  directly  and 
not  upon  the  leucocytes,  is  buund  by  the  bacteria,  and  renders  them 
subject  to  phagocytosis.  The  presence  of  these  substances  in  sera, 
furthermore,  which  appear  entirely  free  from  bactericidal  or  lytic 
bodies,  and  the  thennolabile  character  of  the  substances  (G0°  for  ten 
or  fifteen  minutes  destroys  them)  seemed  to  exclude  their  identity 
with  the  inumme  bodies  of  other  authors. 


•  D«nyi  et  LecUf,  La  cellule,  xi,  1895. 

'  Wrii/ht  and  Dnuglat,  Proc.  Royal  Soc.  London,  Ixxii,  1904. 

*Leiahman,  Brit.  Med.  Jour.,  i,  1902. 
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Because  of  their  action  in  preparing  the  bacteria  for  ingestion  by  the 
leucocj'tes,  he  named  theye  bodies  "o|wonius"  {'■t,'-u>vlw^  to  prepare  food). 

Neufeld  and  Kiinpau'  w«ni  after,  and  imlependently  of  \\'right, 
describtnl  similar  substances  in  tlie  bluod  senmi  of  streptococcus  and 
pneumococcus  immune  animals,  which  they  called  bacteriotropins. 
Because  of  their  gnviter  thennostabilit}'  it  is  not  yet  possible  to  identify 
these  barteriotropins  absolutely  with  the  opsonins. 

Tlie  importance  of  these  opsonic  substances  in  immunity  was  shown 
by  Wright '  in  a  series  of  experiments  in  which  he  detemiined  that  in 
pkirsoas  ill  with  staphylococcus  or  tubercle-bacillus  infections,  the  phago- 
cytic iX)wcrH  were  relatively  diminished  toward  these  microorganisms, 
but  could  be  specifically  increased  upon  active  immunization  with  dejid 
bacteria  or  bactt'rial  products. 

Tbc  results  of  Wright  have  been  confirmed  and  elaborated  by  nu- 
merous worker-s. 

The  iliminished  power  of  leucocytes  to  take  up  bacteria  without  the 
co-operation  of  serum  was  demon-strated,  after  Wright,  by  flt-ktoon  and 
Ruediger,'  who  worked  with  gradually  increa.sing  dilutions  of  serum. 
The  contention  of  the  Wright  school,  however,  that  leucocytes  are  en- 
tirely impotent  for  phagocytosis  without  the  aitl  of  serum,  can  not  be 
regarded  as  proven,  in  face  of  the  w'ork  of  I/ihlein  '  and  others  who 
have  observed  phagocjiosis  on  the  part  of  washed  leucocytes. 

The  specificity  of  opsonins  and  their  multiplicity  in  a  given  scrum 
were  shown  mainly  by  the  work  of  Bullock  and  .Vtkin,"  Hektoen  and 
Ruediger,"  and  Rullock  and  Western.'  These  authors  showed  that  the 
opsonic  substances  in  sera  could  be  absorbed  out  of  the  sera,  one  by  one, 
bj'  treatment  with  vaiious  species  of  bacteria,  a  procedure  analogous  to 
the  method  of  absorption  u.seil  in  the  study  of  agglutinins. 

The  increa.sc  of  phagocytic  ])ower  demonstrated  by  Wright  in  immune 
sera  naturally  le<l  to  the  question  whether  this  depended  merely  upon 
an  increase  of  the  normal  opsonin.s  or  whether  the  newly  funtu-il  immune 
opsonins  were  entirely  different  substances.  The  greater  thermosta- 
bility of  the  opsonins  in  immune  sera  seemed,  at  first,  to  support  the 

'  Neufeld  uml  Rimpau.  Dcut.  meil.  Woch.,  xl,  1904. 

'  Wright  and  Douglag,  Proc.  Roy.  Soc.,  London,  Ixxiv,  1906 

•  Hektoen  and  Ruediger,  Jour.  Inf.  Dis.,  ii,  1905. 

•  Lnhlein,  Ann.  de  I'ingt.  Pasteur,  1905  and  1906. 

»  Bullock  and  Atkin,  Proc.  Roy.  Soc.,  London,  bcziv,  1905l 

•  Hektoen  and  Ruetiiger,  loc.  cit. 

•  BuUock  and  We^mt.  Proc  Roy.  Soo.,  loo.  dk 
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kitter  view.  Dean/  however,  showed  that  not  all  of  the  normal  opsonins 
are  thennolabile  ami  that,  by  absorption  experiments,  bacteria  treated 
with  normal  eei&  could  be  prevented  from  taking  up  opsonins  from 
immune  sera.  These  facta  seem  to  point  strongly  toward  the  identity  of 
nonnal  and  immune  opsonic  substances. 

Further  study  of  the  opsonins  has  led  to  numerous  other  questions 
regarding  their  structure,  their  relation  to  other  immune  bodies,  etc. 
which  are  largely  still  in  the  stage  of  controversy,  and  for  which  the 
original  monographs  must  be  consulted. 

The  controversial  questions  may  be  briefly  reviewetl  as  follows: 

As  stated  above,  Wright  believctl  originally  that  the  bodies  dis- 
covered by  him  in  normal  sera,  the  "normal  opsonins,"  in  other  words, 
were  di.stinct  bodies  that  could  not  be  identified  with  either  the  comple- 
ment or  antibodies  present  in  serum.  Neufeld  and  Iliine,'  Levailiti  and 
Inmann,'  and  others,  on  the  other  hand,  maintain  that  the  opsonic 
action  of  nonnal  serum,  at  least,  is  intimately  related  to  the  complement 
content*  of  such  serum. 

They  base  this  contention  not  only  upon  the  thcrmolability  of  normal 
opsonins,  but  also  upon  the  fact  that  opsonin  may  be  removed  from 
normal  senim  at  the  same  time  as  complement  by  the  niethotl  of  com- 
plement fixation,  detailed  in  another  section  (see  pp.  245  and  2G1).* 

The  contention  of  Wright  that  the  thermostable  opsonic  sub.stances 
of  immune  scrum  are  distinct  bodies,  not  identical  with  the  ambocep- 
tors, is  supported  by  the  work  of  Hektoen,'  Neufeld  and  Topfer,* 
and  others.  The  problem',  however,  can  by  no  means  be  regarded  as 
finally  settled,  since  other  workers,  notably  Levaditi,  are  inclined  to 
identify  the  immune  opsonins  with  lytic  amboceptors. 

.\8  to  the  structure  of  the  opsonic  substances,  moreover,  dif- 
ferences of  opinion  still  exist.  Hektoen  and  Ruedigcr  '  who  have 
investigated  the  question  attribute  to  opsonins  a  complex  constitution. 
They  believe  them  to  possess  a  thermostable  hajitouhore  group 
and  a  thermolabiie  " opsonophore "  group  and  that  heating  teyond 
a   definite    temperature    converts    the    opsonins    into   opsonoids    by 


'  Dean,  Proc.  Roy.  Soc.,  London,  bctvl,  10O.5. 

'Neufeld  and  Hfinf,  Arb.  a.  d.  kais.  Geaundlieitsanit,  mev. 

*  Levailiti  and  Inmann,  Coinpt.  rend,  de  la  soc.  de  biol.,  62,  1907. 

♦  Levaditi,  Prease  m^dicale,  70.  1907. 
»  Hektoen,  Jour,  of  Inf.  Dis.,  iii,  1906. 

•  NeufeUI  und  Tr>pfer,  Cent  f.  Bakt.,  xxxviiL  1805. 
f  Hektoen  and  Ruediger,  Jour,  of  Inf.  Dia.,  ii,  1905. 
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destruction  or  altoration  of  the  "oiwonoj)hoir"  group.  This  view  is 
not  sharr'il  bj-  all  workers  ami  has  been  dispulfel  b\'  Flullock  and  Atkin.' 
The  Technique  ol  Wright. — The  thn-o  factora  necessary  for  the  per- 
formance of  an  ojMonic  test  are  (1)  the  blood  scrum  to  bo  tested;  (2) 
an  even  emulsion  of  bacteria,  anil  (3)  leunocytcB. 

(1)  Blood  serum  is  obtained  by  bleeding  from  the  finger  and  receiving 
the  blood  into  pl!is.s  capsules  (Fig.  (i6).  These  arc  sealed  at  both  ends; 
the  blood  is  ailowed  to  clot;  and  the  separation  of  scrum  is  hastened  by 
a  few  revolutions  of  a  centrifuge. 

(2)  The  bacterial  emulsion  is  obtained  by  rubbing  up  a  few 
loopfuLs  of  a  twenty-four-hour  slant  agar  culture  with  a  little  physio- 
logical salt  solution  (0.85  per  cent)  in  a  watch  glas-s.     A  verj'  small 

amount  of  salt  solution  is  used  at  first 
and  more  is  gradually  added,  drop  by 
drop,  as  the  emukion  becomes  more 
even.  The  final  breaking  up  of  the 
Bmaller  clumps  is  best  aceomplisheti  by 
cutting  off  ver>'  squarely  the  end  of  a 
capillaiy  pipette,  placing  it  i»eqien- 
dictdarh-  against  the  bottom  of  the 
watch  gla.ss,  and  sucking  the  emulsion  in  and  out  through  the  narrow 
chink  thus  formed.     (I'ig.  07.) 

Emulsions  of  tubercle  bacilli  are  more  difficult  to  make.  The  bacilli 
filtered  off  in  the  manufacture  of  old  tuberculin  are  commonly  used. 
Thes*!  are  wash.':><l  in  salt  solution  on  the  filter,  and  are  then  scraped  off 
and  sterilized.  They  arc  then,  in  a  moist  condition,  placed  in  a  mortar 
and  thoroughly  grovmd  into  a  paste.  While  grinding,  salt  solution 
1^  cent)  is  gradu.:lly  added  until  a  thick  emulsion  appears.  This 
emulsion  niaj'  be  diluted  and  larger  clumps  separated  by  ccntri- 
fugaliziition. 

{}i)  The  leucocytes  are  obtained  by  bleeding  from  the  e„r  or  finger 
directly  into  asolution  containing  eighty-five  hundretiths  per  cent  to  one 
p)er  cent  of  sodium  chiorid  and  five-tenths  to  one  and  five-tenths  per  cent 
of  sodirnn  citrate.  Ten  or  fifteen  drops  of  blood  to  5  or  6  c.c.  of  the 
solution  will  furnish  sufficient  leucocytes  for  a  dozen  tests.  This 
mixture  is  then  centrifugalisied  at  moderate  speed  for  five  to  six  minutes. 
At  the  end  of  this  time,  the  corjjusdes  at  the  bottom  of  the  tube 
will  be  covered  by  a  thin  grayish  pellicle,  the  buffy  coat,  consisting 
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chiefly  of  leucocytes.  These  are  pipetted  off  with  a  capillary  pipette 
(by  careful  superficiail  scratching  movements  over  the  surface  of  the 
bufTy  coat). 

There  being,  of  course,  no  absolute  .scnle  for  phagocyto.sis,  whenever 
an  opsonin  determination  is  madf  upon  an  unknown  scrum,  a  parallel 
control  test  must  be  made  upon  a  nonnal  serum.  This  normal  is  best 
obtained  by  a  "pool"  or  mixture  of  the  sera  of  five  or  si.x  supposedly 
nonnal  individuals. 

The  three  ingredientsj — serum,  bacterial  emulsion,  and  leucocytes — 
having  thus  been  prepared,  the  actual  tost  is  carried  out  as  follows: 


FlO.    67. PtPETTK    FOR    OPSONIC    WOHK. 

Capillary  pipettes  of  about  six  or  .seven  inches  in  length  and  of  nearly 
even  diameter  throughout,  an^  maile.  These  arc  fitted  with  a  nipple 
and  a  mark  is  made  upon  them  with  a  grease-pencil  about  2  to  3  cm. 
from  the  end  (Fig.  68).  Corpuscles,  bacteria,  antl  scrum  are  then 
successively,  in  the  order  named,  sucked  into  the  pipett»3  up  to 
the  mark,  being  separated  from  each  other  by  small  air-bubbles.  Equal 
quantities  of  each  having  thus  been  secured,  they  are  mixwl  thoroughly 
by  repeatedly  drawing  them  in  and  out  of  the  pipette  upon  a  slitle. 
The  mixture  is  then  drawn  into  the  pipette;  the  end  is  sealed;  and 
incubation  at  37.")°  is  carried  on  for  an  arbitrary  time,  usually  fifteen 
to  thirty  minutes.'    The  control  with  normal  serum  is  treated  in  exactly 


FlO.    68. — PiPBTTB  WTTH  THREE  SUBSTANCES,  CoRPOSCLES,  BaCTERIA,  AND  SeRUM, 

AS    FIRST   TAKEN    UP. 

tJhe  same  way.  After  incubation  the  end  of  the  pipette  is  broken  off, 
the  contents  are  again  mixed,  and  smears  arc  matlc  upon  glass  slides  in 
the  ordinary  maniKT  of  blood  smearing.  Staining  may  be  done  by 
Wright's  modificalion  of  Jjcishman's  stain,  by  Jcnner's,  or  by  any  other 
of  the  »isual  blood  stains.  In  these  smears,  then,  the  number  of  bacteria 
contained  in  each  leucocyte  is  counted.     The  contents  of  about  eighty 


'  For  the  purpose  of  incubation,  specially  constructed  wat«r  baths,  marketed  under 
the  nanic  of  "opaonixers,"  may  be  used. 
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to  one  huiuired  cclk  are  usually  counted  and  an  average  is  taken. 
This  average  number  of  bacteria  in  such  leucocytes  is  spoken  of  as  the 
"phagocytic  imlex."  The  phagocytic  index  of  the  tested  serum,  divided 
by  that  of  the  "nonnal  pool"  (conti-ol)  scnun,  gives  the  "opsonic 
index." 

Another  method  of  estimating  the  opsom'c  content  of  a  given  blood 
serum  has  hern  contributed  by  Simon,  Lamar,  and  Bispham.'  Tliese 
authors  empluycd  dilutions  both  of  the  patient's  serum  and  of  nonnal 
eerum  ranging  from  one  in  ten  to  one  in  one  hundred.  With  these 
dilutions,  they  carry  out  opsonic  experiments  with  bacterial  enndsions 
anil  Wiushed  leucocytes  in  the  same  way  as  this  is  done  in  the  Wright 
method,  except  that  they  recommend  the  emplojTnent  of  thiimer  bac- 
terial emulsions  than  are  usually  employed  in  the  former  method.  In 
examining  their  sUdcs,  they  do  not  estimate  the  number  of  bacteria 
found  wdthin  the  leucocytes,  but  rather  the  peirontage  of  leucocytes 
which  .actually  take  part  in  the  phagocytic  process,'  i.e.,  which  con- 
tain bacteria. 

By  the  same  method  of  dilution,  they  determine  what  they  have 
called  "the  opsonic  coefficient  of  extinction,"  a  phrtuse  which  is  u.sed  to 
cxprcs.s  the  ilegrec  of  dilution  of  the  serum  at  which  no  fuither  phagocy- 
tosus  takes  place.  They  claim  for  their  methotls  the  more  delicate  do- 
tenuination  of  variations  in  opsonic  power.  The  method  ha.s  not  lx?on 
sufficiently  \m'd  to  pennit  the  expression  of  an  opinion  a.s  to  it«  value. 

The  Vaccine  Therapy  of  Wright. — In  connection  with  his  more 
theoretical  work  upon  opsonins,  Wright  has  laid  much  stress  upon  the 
value  of  active  immunization  in  the  treatment  of  infectious  diseases. 
Beginning  his  work  with  staphylococcus  and  tubercle-bacillus  infections, 
he  hius  extended  hia  methods,  with  the  aid  of  many  collaborators,  to 
gonococcus,  streptococcus,  pneumococcus,  and  a  number  of  other 
bacterial  infections.  In  all  these  cases,  when  possible,  he  uses  for 
therapeutic  pmrjxj.ses  a  so-called  "autogenous  vaccine"  which  is  n  ado 
with  the  bact<'ria  Isolated  from  the  patient  himself.  In  the  case  of 
tubercle-bacillus  infections,  he  uses  for  treatment  the  new-tuberculin- 
bacillary-emidsion  of  Koch.  The  production  of  vaccine  is,  according 
to  Wright,  as  follows: 

Prwiuction  of  Vaccines. — After  isolation  of  the  organisms  from  the 
patient,  cultures  are  made  with  a  view  of  obtaining  considerable  amounts 
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'  Simon,  Lamar,  and  Biap/iam,  Jour.  Exp.  Med.,  viii,  1906. 
'Simon  and  Lamar,  Johns  Hopkina  Hoap.  Bull.,  xvii,  1906. 
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of  bacterial  growth.  In  making  vaccines  with  poorly  growing  organisms, 
large  surfaces  must  be  inoculated.  Organisms  arc  best  grown  for  this 
purpwse  upon  the  surface  of  agar  or  glucose  agar  (the  enrichment  of  the 
agar  with  sugar  or  acetic  fluid,  etc.,  depending  upon  the  cultural  require- 
ments of  the  organism  in  question),  in  square  eight-ounce  medicine 
bottles  laid  upon  their  sides.  This  furnishes  a  large  area  for  inoculation. 
After  sufficient  growth  has  taken  place  upon  the  agar,  two  or  three  cubic 
centimeters  of  sterile  normal  salt  solution  are  introduced  into  the 
bottles  with  a  sterile  pipette.  With  this  the  growth  is  gently  washed 
off  the  surface  of  the  agar,  more  salt  solution  gradually  being  added  as 
necessary.  The  emuLsification  may  be  facilitated  by  gently  scraping 
the  growth  off  the  medium  bj'  means  of  a  flexible  platinum  loop.  This 
thick  bacterial  emulsion  is  then  pipetted  out  of  the  bottles,  tluring  which 
process  an  equalization  of  the  emulsion  can  be  attained  by  repeated 
sucking  in  and  out  with  the  pipette.  The  emulsion  is  then  placetl  in  a 
sterile  test  tube  which  may  then  be  dra'mi  out  at  its  open  end  into  a 
capillary  opening.  It  is  a  point  of  practical  importance  that,  in  pre- 
paring such  capsules  out  of  a  test  tube,  a  few  inches  of  air  space  shoidd 
be  left  above  the  surface  of  the  emulsion,  so  that  expansion  during 
heating  may  not  blow  out  the  top  of  the  glass  tube.  A  dozen  or  so  of 
sterile  glass  beads  may  be  put  into  these  tubes  in  ortler  to  aid  in  emul- 
sification.  Shaking  the  beads  in  such  a  tube  will  help  in  breaking  up 
email  clumps  of  bacteria. 

The  emulsion  is  then  standardized;  that  is,  a  numerical  estimation 
of  bacteria  per  cubic  centimeter  must  be  made.  This  standardization 
is  best  done  before  sterihzation,  because  during  the  latter  process  a 
mmibcr  of  bacteria  may  be  broken  iip,  and,  while  unrecognizable 
morphologically,  arc,  nevertheless,  representetl  in  the  cnnd.sion  by  their 
products.  The  standardization  may  be  accomplished  by  highly  diluting 
a  definite  volume  of  the  emulsion,  planting  plates  with  definite  quan- 
tities of  the  dilution,  and  counting  colonies.  Wright  prefers,  as  more 
exact,  an  enumeration  of  the  bacteria  against  red  blood  cells.  This  is 
done  in  the  following  way: 

A  little  of  the  emulsion  is  placed  in  a  watch  glass  and  from  it,  with  a 
pipette  as  used  in  the  estimation  of  the  opsonic  index,  one  volume  Ls 
taken  and  is  mixed  with  an  ecjual  volume  of  blood  from  the  finger  and 
two  or  three  volumes  of  salt  solution.  The  salt  solution  is  added  in 
order  to  dilute  the  red  cells  so  that  they  can  be  conveniently  counted 
and  to  prevent  clotting.  These  substances  are  thoroughly  mixed  in  a 
pipette  and  spread  upon  a  slide  as  in  making  a  blood  smear,  and  as  cveo 
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and  uniform  a  smear  as  possible  should  be  made.    They  are  then  stained 
either  by  Jenner's  or  Wright's  blood  stain. 

The  preparations  arc  examined  with  an  oil-imnicrsion  lens.  In 
order  to  limit  a  definite  microscopic  field,  it  is  convenient  to  use  an 
Ehrlich  iliaphragm,  or  else,  in  lieu  of  this,  to  mark  a  circle  with  a  blue 
pencil  upon  the  Ions  of  the  eye-piece.  The  n'd  btooii  cells  and  bacteria, 
in  a  number  of  these  fields,  arc  counted  ami  the  ratio  between  them  is 
estimated.  Knowing  the  number  of  red  blood  cells  to  the  cubic  milli- 
meter in  the  particidar  blood  emplo3*ed.  Ity  previous  blood  count, 
and  knowing  that  equal  volumes  of  blood  and  of  bacterial  emulsion 
have  been  used  in  the  mixture,  it  is  easy  from  this  ratio  to  ascertain 
the  number  of  bacteria  contained  in  a  cubic  millimeter  of  the  original 
emulsion.  Thus,  for  instance,  if  in  an  average  of  twenty  fields  bacteria 
are  to  red  blood  cells  as  two  is  to  one,  and  the  blood  employed  con- 
tains five  million  red  lilooil  cells  to  each  culiic  millinioter.  then  a  cubic 
millimeter  of  our  emulsion  c<mtaineii  ten  million  bacteria,  and  a  cubic 
centimeter  one  thousand  times  as  many. 

Special  centrifuge  tubes  with  graduated  narrow  tips  at  the  bottom 
have  lieen  suggested  by  Hopkins  for  vaccine  standardization.  Bacteria 
centrifugalized  up  to  a  certain  mark  represent  a  definite  number  per 
cu.  mm.  when  taken  up  in  a  given  vohune  of  salt  solution. 

The  vaccine,  thus  standanlized,  is  .sterilized  at  60°  C.  for  one  hour 
^or  several  days.  Its  sterility  is  then  controlled  by  culture  and  animal 
inoculation. 

From  this  stock  emulsion  small  quantities  may  be  drawn  ofif  and 
diluted  for  therapeutic  use. 

The  initial  dose  given  by  Wright  in  staphylococcus  infections,  in 
which  the  method  has  l>een  most  frequently  employed,  varies  from 
fifty  to  one  himdred  millions  of  bacteria.    In  working  with  the  tubercle      ■ 
bacillus,  the  ordinarj'  tulMTculin  damage  is  adhered  to. 

Wright,  in  his  work,  makes  u.se  of  the  opsonic  index  in  order  to 
estimate  changes  in  the  resistance  of  the  patient  against  the  given  in-  ■ 
fection.  In  other  words,  he  ba.sra  his  judgment  as  to  whether  the 
patient  is  improving  or  not,  upon  the  opsonic  power  of  the  patient's 
senma.  In  followng  the  opsonic  index  of  a  patient  during  sj'stematic 
treatment  with  vaccine,  Wright  has  found  definite  changes  upon  the 
basis  of  which  he  constructs  a  cur\'e  of  opsonic  power.  Immediately 
after  the  injection  of  vaccine,  he  finds  that  there  is  a  brief  period  during 
which  the  opsonic  power  of  the  patient  is  depressed  lielow  its  original 
state.  This  he  calls  the  negative  phivs*-.  The  length  of  time  owupied 
by  this  negative  phase  depends  both  upon  the  condition  of  the  patient 
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and  upon  the  size  of  the  dose  given.  It  is  usually  completed  within 
twenty-four  hours.  After  this,  there  is  a  gradual  rise  in  the  opsonic 
power,  at  first  rapid,  later  more  slow,  until  a  maximum  is  reached  after  a 
varjTng  number  of  days.  This  period  of  rise  represents  the  positive 
phase.  The  second  inoculation  mtli  vaccine  should,  according  to  Wright, 
be  made  when  the  opsonic  power  is  again  begiiming  to  sink  after  the 
highest  point  of  the  positive  phase. 

The  facts  of  Wright's  investigations  have  been  given  in  the  pre- 
ceding "without  much  critical  consideration.  Those  features  which  con- 
cern themselves  vnXh  the  proof  of  the  opsonic  properties  of  nonnal 
and  immune  serum  have  been  of  the  greatest  scientific  importance  and 
a  great  deal  of  benefit  has  accrued  from  the  renewed  attention  turned 
by  him  toward  methods  of  active  immunization  in  himian  beings. 
Vaccine  therapy  in  many  conditions  has  come  to  stay,  although  some 
of  the  very  extravagant  earlier  claims  have  had  to  fall  down.  It 
is  also  pretty  certain  at  present  that  the  opsonic  index  measure- 
ments as  a  guide  to  treatment  is  of  very  little  value  and  may  even  mis- 
lead. 

Leucocyte  Extract. — In  the  sections  upon  Phagocjlasis  and  Op- 
sonin.'^,  we  have  discus.'<ed  the  protective  action  exerted  by  the  living 
leucocjles  against  bacterial  infection  and  the  relation  of  these  cells  to 
the  blood  serum;  furthermore,  that,  while  our  knowledge  of  the  blood 
serum,  as  developed  at  j)re.serit,  shows  that  phagocytes  may  be  aided 
by  this  in  the  ingestion  of  bacteria,  the  subsequent  digestion  of  the 
germs,  and  ix)8sibly  the  neutralization  or  destruction  of  their  iiitnicel- 
lular  poisons,  Ls,  as  far  as  we  know,  largely  accomplished  bj- the  unaided 
phagocytic  cell.  It  is  an  obvious  thought,  therefore,  that,  in  the  struggle 
with  bacterial  invaders,  the  Inufocytic  defenders  might  lie  consideralily 
re-enforced  if  they  were  furnished,  as  directly  tut  pos.sible,  with  a  further 
supply  of  the  very  weapons  which  they  were  using  in  the  fight  with 
the  microorgani.sm.s.  With  this  thoirght  a.s  a  point  of  departure.  Hiss  ' 
conceived  the  plan  of  injecting  into  infected  subjects  the  substances 
comoosing  the  chief  cells  or  all  the  cells  usually  found  in  exudates,  in 
the  most  difTu.sible  form  and  as  little  changed  by  manipulation  as  possi- 
ble; and  he  also  assumed  that  extracts  would  be  more  efficacious  than 
living  leucocytes  themselves,  since  if  diffusible  they  would  be  ilistrib- 
Uted  impartially  to  all  parts  of  the  body  by  the  circulatory  mechan- 
ism. They  would  tlicn,  as  quickly  as  absorjition  would  pcnnit,  relieve 
the  fatigued  leucoc.vte  and  also  protect  by  any  toxin-neutraliaing  oi 
other  power  they  might  possess,  the  cells  of  highly  specialized  functions. 
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The  mothofl  of  obtaining  these  substanres  as  used  both  in  animai 
experiments  and  in  the  treatment  of  human  subjects  is  at  present  as 
follows: 

Rabbits,  preferably  of  I  ,.'>00  grams  weight  or  heavier,  ret»eive  int  ra- 
pleural  injet-tious  of  aleuronat.  This  Ls  prepared  by  making  a  three 
per  cent  solution  of  stareh  in  meat-extract  broth,  without  heating, 
ami  adding  to  this,  after  the  starch  has  gone  into  thorough  emulsion, 
five  per  cent  of  powdered  aleuronat.  This  is  thoroughly  mixed,  boiled 
for  five  minut-es,  and  filled  into  sterile  potato  tubes,  20  c.c.  into  each  tulxj. 
Final  sterilization  is  done  prefcral>ly  in  an  autoclave.  The  raljhit  in- 
jections are  carried  out  by  injeeting  10  f.c.  into  each  pleural  cavity 
in  the  intercostal  spaces  at  the  level  of  the  end  of  the  sterinim,  in  the 
anterior  axillary  line,  great  care  being  exerted  to  avoid  puncturing  of 
the  lungs.  The  rabbits  are  left  for  twenty-four  hours,  at  th<'  end  of 
which  time  a  copious  and  very  cellular  exudate  will  have  accumulated 
in  the  pleural  cavities.  This  is  removed,  after  killing  the  animals  with 
chlorofonn,  bj'  opening  the  anterior  chest  wall  under  rigid  precautions 
of  sterility,  and  pi|X'tthig  the  exudate  into  sterile  centrifuge  tubes. 
Immediate  centrifugaliiiation  before  clotting  can  take  place  then  per- 
mits the  decanting  of  the  supeniatant  exudate  fluid.  To  the  leuco- 
cytie  sediment  is  then  adde<l  about  2  c.c.  of  sterile  distilled  water,  and 
the  enudsion  is  thoroughly  Ix'aten  up  with  a  stiff  bent  platinum  spatula. 
Smears  are  now  made  on  slides,  stained  by  Jenner's  blood  stain,  and  ex- 
aminrtl  for  possible  bacterial  contamination.  It  is  well  also  to  take 
cultures.  Sterile  tlistilled  wat(^r  is  then  added  to  each  tube,  about  twenty 
volumes  to  one  volume  of  sediment,  and  the  tubes  are  set  away  in  the 
incubator  for  eight  hours.  At  the  end  of  this  time  the  sterility  is  again 
contniiled  as  above,  and  further  extraction  in  the  refrigerator  continued 
until  the  extract  is  ust>d. 

In  cxix-iiment  ing  upon  animals,  Hiss '  observed  that  pneumococcus, 
staphylococcus,  streptococcus,  meningococcus,  and  tj'phoid,  dysenterj', 
and  cholera  infections  in  rabbits  and  guinea-pigs  were  profoundly  modi- 
fied when  injections  of  leucocyte  extracts,  prepared  as  alxive,  were  ad- 
ministered intra|)critonealIy  or  .subcutaneously  during  the  course  of  the 
infection.  In  many  cases  animals  were  saved  by  the.se  substances  from 
infections  which  proved  rapidly  fatal  in  untreated  control  animals,  even 
when  the  protective  injections  were  made  as  late  us  twenty-four  houra 
after  intravenous  infection. 
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In  applying  this  method  of  treatment,  by  subeutaneous  injections, 
to  infections  in  man,  Hiss  and  Zinsser  observed  distinctly  lK>neficial 
rtsiilts  in  cases  of  epidemic  cerebrospinal  meningitis,  in  lobar  pneu- 
monia, in  staphylococcus  infections,  and  in  erysipelas.' 

In  experimenting  with  the  Icucocjit'  extracts  in  vitro  the  same  au- 
thors were  able  to  show  that  precipitates  occurred  when  clear  leucocyte 
eortract  and  the  clear  extract  of  various  bacteria  were  mixed.^ 

Further  experiments,  carried  out  both  in  animals  and  in  the  test 
tulx",  showed  that  while  the  leucocytic  extracts  possessed  slight  bactericidiil 
powers  for  a  variety  of  micrtwrganisins,  these  attributes  (iid  not  seem 
sufficient  to  explain  the  profound,  nio<hfj'iug  influences  exerted  upon 
bacterial  infections  by  these  extrsicts.  Hiss  and  the  writer  in  their 
earlier  work  thought  that  possil>ly  the  action  of  the  leucocytic  extracts 
consisted  of  the  neutralization  of  bacterial  poisons.  It  is  the  opinion 
of  the  writer  at  present  that  it  is  more  likely  that  these  substances 
favorably  influence  infection  by  their  action  in  increasing  leucocytosis, 
or,  in  other  worris,  non-speafic  chemolactic  action. 

That  bactericidal  substances  can  Iw  extracted  from  leucocytes  by 
various  methods  has  bf^en  repeatedly  showTi  by  Schattenfroh,  Petterson, 
Konschun,  and  others.*  The  researches  of  Petterson  as  well  as,  more 
recently,  the  work  of  Zinsser,  have  shown  that  thesc>  "endolysins,"  as 
Petterson  has  called  them,  have  a  structure  quite  different  from  that 
of  the  serum  bacteriolysins  in  that  they  are  not  rendered  inactive  by 
temperatures  under  80"  C,  but,  when  once  destroyed  by  higher  tem- 
peratures, can  not  be  reactivated  either  by  the  tuldition  of  fresh  serum 
or  of  unheat*>d  leucocyte  extracts.  The  last-named  authors,  moreover, 
have  shown  that  these  endocellular  bactericidsil  substances  are  not 
increased  by  immunization,  the  quantity  present  in  each  leucocyte  ijeing 
probably  at  all  times  simply  sufficient  for  the  digestion  of  the  limited 
number  of  bacteria  which  can  be  taken  up  by  the  individual  teucocj-te. 
The  Problem  of  Virulence. — An  extremely  ol>scure  chapter  in  our 
knowledge  of  the  reaction  of  animals  and  man  against  infection  is  the 
one  dealing  with  the  questions  of  varj'ing  pathogenicity  between  differ- 
ent bacterial  species  and  between  different  races  of  the  same  micro- 
organism.    Wc  know  that  certain  bacteria  may  be  injected  into  an 


'  Hiss  and  Zimuer,  Jour.  Med.  Res.,  N.  S.,  xiv,  3,  1908;  ibid.,  xv,  3,  1809. 

'  lliju  and  Zinsner,  ibid.,  xiv,  3,  1908. 

>  Srhatlenfroh,  Arch.  f.  Hyg.,  1S97;  PelUrsmt,  Cent.  f.  Bakt.,  I,  xxxix,  1905,  and 
ibid.,  xlvi,  1008;  Kurtchun,  Ann.  de  1'  lost.  Pasteur,  xxii,  1908;  Zitisner,  Jour.  Med. 
Res.,  xxii,  3,  1910. 
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animal  or  human  bcin[j  in  considerable  quantitips,  without  producing 
anything  mnrf  than  the  temporary  local  disturbance  following  the  sub- 
(•utancous  administration  of  any  innocuous  material.  Other  bacteria, 
on  the  other  hand,  such  as  the  bacillus  of  anthrax  or  the  bacillus  of 
chicken  cholera,  injeclx'd  in  the  most  minute  dosjige,  may  give  rise  to 
a  rapidly  fatal  septicemia.  Within  the  same  species,  furthermore, 
fluctuations  in  virulence  may  take  place  which  may  depend  upon  a 
variety  of  influences  which  have  been  discu-ssed  in  anoth<'r  section  and 
need  not  be  recapitulated.  Suffice  it  to  say  that  variations  in  the  sus- 
ceptibility of  inoculated  .subjects  do  not,  in  any  way,  furnish  a  sufficient 
explanation  for  these  phenomena. 

In  an  effort  to  cast  light  upon  this  subject,  Bail,  following  in  the 
footsteps  of  his  predecessors,  Kruse,'  Deiitsch  and  Feistmantel,*  has 
formulated  his  so-called  "aggres.sin-theory." 

Bail  *  was  first  let!  to  the  formulation  of  his  the^iry  by  extensive  re- 
searches which  he  had  made  in  conjunction  with  Petterson '  into  an- 
thrax imnuinity.  He  had  not^>d,  a.s  others  before  him  had,  that  animals, 
highly  susceptible  to  anthrax,  often  pos«es.sed  marked  bactericidal 
powers  agairLst  this  bacillus.  When  such  animals,  whose  serum  should 
surely  be  capable  of  bringing  about  the  death  of,  at  least,  a  few  hundred 
anthrax  bacilli,  were  inject<?d  with  doses  far  less  than  this  number  they 
nevertheless  succuml>ed  rapidly  and  the  bacilli  multiplied  enonnously 
in  their  bodies.  He  argued  from  this  that  the  injected  microorganisms 
must  possess  some  weapon  whereby  they  were  enabled  to  counteract 
the  protective  forces  of  the  animal  organi.sm.  In  an  anthrax-immune 
animal,  as  a  matter  of  fact,  no  proliferation  of  bacteria  took  place  and 
the  inject<»d  genns  were  rapidly  disposed  of  by  the  protective  forces, 
foremost  of  which  was  phagoc\losis. 

The  theory  of  Bail '  contains  the  following  basic  principles:  • 

Pathogenic  bacteria  differ  fundamentally  from  non-pathogenic  bac- 
teria in  their  power  to  overcome  the  prot^'ctivo  mechanism  of  the  ani- 
mal body,  aiifl  to  proliferate-  within  it.  They  accfiinplish  this  by  virtue 
of  definite  suljstances  given  ofT  by  them,  probalily  in  the  nature  of  a 
secretion,  which  acts  primarily  by  protecting  them  against  phagocy- 
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toeis.  These  substances  (referred  to  by  Kruse  as  "Lysins")  were  nameil 
by  Bail,  "Aggressins."  The  production  of  aggressins  by  pathogenic 
germs  is  probably  absent  in  test-tube  cultures,  or,  at  any  rate,  is  greatly 
depn«sed  under  such  conditions,  but  is  i-allcfl  forth  in  tFie  animal  body 
by  the  influences  encountcrwl  after  inoculation. 

These  aggressins  can  be  found,  according  to  Bail,  in  the  exudates 
about  the  site  of  inoculation  in  fatal  infections.  He  obtained  them, 
separate  from  the  bacteria,  by  the  centrifugation  and  .subsequent  de- 
canting of  edema  fluid,  and  pleural  and  peritoneal  exudates. 

Two  experimental  observations  are  brought  by  Bail  in  support  of 
the  truth  of  his  contentions.  In  the  first  place,  he  was  able  to  show 
that  fatal  infection  could  l)e  produced  in  animals  by  the  injection  of 
sublethal  dttsea  of  bacteria,  when  these  were  administered  with  a  small 
quantity  of  "aggressin."  He  inferred  from  this  that  tiic  injected  ag- 
gressin  had  paralyzed  the  on.slaught  of  phagocjiic  and  other  protective 
agencies,  and  hiul  thus  made  it  pasniliie  for  the  bacteria  to  proliferate. 

The  second  experimental  supjiort  of  Bail's  theory  consists  in  the 
successful  immunization  of  animals  with  aggressin.  Animals  were 
treated  with  aggressive  exuflates,  from  which  all  bacteria  had  been  re- 
moved by  centrifugalization  and  which  had  been  rendered  sterile  by 
three  hours'  heating  to  (>0°  C  and  addition  of  0.5%  phenol.  Animals 
8o  treated  were  not  only  immune  themselves,  but  contained  a  substance 
in  their  serum  which  permitted  the  passive  immunization  of  other  un- 
treated animals.  Bail  explained  this  by  assuming  the  production  of 
anti-aggressins  in  the  treated  subjects.  His  experiments  and  those  of 
his  pupils  were  conducted  with  the  tjphoid  and  dysentery  bacilli,  the 
bacilli  of  chicken  cholera  and  of  plague,  the  cholera  spirillum,  and  va- 
rious micrococci.  According  to  whether  a  microorganism  is  capable  of 
producing  an  aggressin  and  consecjuently  of  invading  the  animal  body, 
he  divides  bacteria  into  "pure  parasites,"  "half  parasites,"  and  "sapro- 
phytes." 

The  theory  of  Bail  has  been  attacked  chiefly  by  Wassermann  and 
Citron,'  Wolff,'  and  Sauerbeck.'  The  criticism  which  these  investigators 
make  of  Bail's  \'iew8  has  succeeded  in  placing  the  "aggressin"  theory 
in  doubt.  It  is  claimed  by  them  that  much  of  the  "aggressive"  cliar- 
acter  of  Bail's  exudates  is  due  to  their  containing  liberated  bacterial 
poisons  (endotoxins).     This  they  have  maintained  both  because  the 


*  Wataermann  and  Citron,  Dcut.  med.  Woch.,  xxviii,  1905. 

»  Wolff,  Cent.  f.  Bttkt.,  1,  xxxviii,  1906.  '  Sauerbeck,  Zeit.  f .  Hyg.,  lyi.  1907. 
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sterile  "aggrcssin"  exudates  could  be  shown  to  possess  a  considerahle 
degree  of  toxicity  and  because  the  aggressive  action  could  be  duplicated 
by  aqueous  extracts  of  bacteria.  Citron,'  was  able  to  show,  by  the 
Bordet-Gengou  method  of  complement  fixation,  that  the  exudates  of 
Bail  contained  quantities  of  free  bacterial  receptors,  which,  in  taking 
up  immune  body,  would  neutralize  any  destructive  power  on  the  part 
of  the  infected  animal. 

The  writer  in  conjunction  with  Dwyer*  has  done  certain  experiments 
which  seem  to  indicate  that  Bail's  aggressin  may  be  in  the  nature  of 
anaphylatoxin.  The  addition  of  such  anaphylatoxin  to  bacteria  will 
convert  a  sublethal  into  a  lethal  dose,  as  will  Bail's  aggressin,  antl  in 
principle  the  manner  of  production  is  the  same.  The  nature  of  the 
immunity  produced  in  animals  by  Bail's  method  of  treatment  is  less 
easily  explained  and  less  exposed  to  adverse  criticism.  Whatever  may 
be  the  truth  about  the  possession  of  offensive  weapons  on  the  part  of 
bacteria,  it  is  certainly  a  fact  that  microorganisms  differ  much  in  their 
powers  of  defense  against  destruction  by  the  cells  in  sera  of  the  animal 
body.  Virulent  bacteria  are  not  destroyed  by  serum  or  agglutinated 
or  taken  up  by  leucocytes  as  easily  as  are  the  non-virulent.  In  some 
cases  there  seems  to  be  no  morphological  clue  to  the  rea.son  for  this. 
In  other  cases,  like  pneumococci,  Friedlander  bacilli  and  others,  there 
is  a  bacterial  capsule  which  seems  to  insulate  these  organisms  against 
attack.  Many  bacteria  lose  their  capsules  in  the  non-virulent  stage  on 
culture  media,  but  form  them  within  the  animal  body  in  the  process 
of  infection.  Again,  bacteria  rendered  non-virulent  by  cultivation  on 
artificial  media  may  become  virulent,  inagglutinable',  and  more  resistant 
to  phagocytosis  when  cultivated  on  immune  sera  or  passed  through  the 
animal  body. 

Thus  the  power  to  invade  depends  possibly  upon  a  combination  of 
oflensive  properties  and  defensive  qualities  on  the  part  of  the  bacteria. 
Added  to  this,  some  of  us  believe  that  the  reaction  between  Ij'tic  anti- 
bodies and  the  bacterial  protein  may  produce  toxic  substances  which 
poison  the  animal  body,  prevent  positive  chemotaxis,  and  thereby  aid 
the  invader. 

Again,  there  are  microorganisms  like  the  treponema  pallidimi  in 
8j"philis  where  adaptation  between  invader  and  host  seems  to  be  of 
such  a  nature  that  an  indifferent  reaction  against  the  invading  organism 
only  is  set  up. 

'  Citron,  Cent.  f.  Bakt.,  I,  xl.  100.5;  xli,  1906;  and  Zeit.  f.  Hyu.,  Hi,  1905, 

■ZtrMcer  and  Dwyer,  ProceedingBof  theSoc.  forExper.  Biol,  and  Med.,1914,xi,  74-78. 
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CHAPTER  XIX 


ANAPHYLAXIS  OR  HYPERSU8CEPTIBILITY 


PHENOMENA.   OF   ANAPHYLAXIS 

The  phenomena  now  groupwl  togethc>r  iindi-r  the  heading  of  anaphy- 
laxis and  hypcrsusceptibility  liavc  but  ruccntly  bwonif  the  subject  of 
systematic  experimentation.  Nevertheless,  manifestations  now  recog- 
nized as  belonging  to  this  categor>%  had  not  escaped  the  attention  of  ii 
number  of  the  earlier  workers  in  immunity. 

By  anaphylaxis  is  meant  the  following  train  of  phenomena:  ^\  ln/ti 
a  foreign  proteid  is  introduced  by  subcutaneous,  intraperitoneal,  intra- 
venous, or  subdural  injection  (or  in  some  ca.ses  liy  feeding)  into  the 
animal  body,  after  a  time  there  will  appear  a  .specific  hypcrsuscepti- 
bility  of  the  animal  for  this  proteid.  After  a  definite  intt'rval,  a  .second 
injection  of  the  same  substance,  hannless  in  itself,  will  produce  violent 
symptoms  of  illness  and  often  rapid  death  in  an  animal  so  prepared. 
The  phenomena  are  not  limited  to  any  given  cla.ss  of  proteids,  but  are 
manifest  in  the  case  of  animal,  vegetable,  and  bacterial  j)roteids,  and 
within  certain  limits  are  specific. 

.\s  early  as  1S93,  Behring'  and  his  pupils  '  had  notico(3  tluit  animals, 
highly  immunized  against  diphtheria  toxin,  with  high  antitoxin  content 
of  the  blood,  would  occasionally  show  marked  susceptibility  to  injections 
of  .small  do.se^s  of  the  toxin. 

Tlie  phenomena  observed  by  them  was  interpreted  as  an  increased 
tissue  susircptibility  to  the  toxin,  and  Wjiasermann,  rca.Honing  on  tho 
ba«is  of  Ehrlich's  side-chain  theory,  formulated  the  conception  that  the 
increiused  susceptibility  wa.s  due  to  toxin  receptors,  increased  in  number 
by  immunization,  but  not  yet  separated  from  the  cells  that  had  produced 
them;  tho  cells  thereby  becoming  more  vulnerable  to  tlie  poi.son.  In 
the  same  category  belongs  the  observation  of  KretK,  who  nuticcd  that 
normal  guinea-pigs  did  not  show  any  reaction  after  injections  of  innocuous 

'  Behring,  Deut.  med.  Woch.,  ISO."!. 

'Knorr,  Diaaert.,  Marburg,  1895;  Behrinij  und  Kitaahina,  Bert.  kiin.  Woch,. 
1901. 
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toxin-antitoxin  mixtures,  but  that  marked  symptoms  of  illness  often 
followod  such  injections  when  made  into  immunized  guinea-pigs.  Other 
phenomena  which  are  now  regarded,  u  jx>sterior{ ,  as  probalily  depending 
upon  the  principles  involved  in  anaphylaxis,  are  the  tuberculin  and 
mallein  rcaetioas,  fully  described  in  another  place,  and  the  advorso 
effects  often  following  the  injections  of  antitoxins  in  human  beings, 
conditions  spoken  of  under  the  heading  of  "serum  sickness."  The  la.st- 
named  condition  has  been  made  the  subject  of  an  exhaustive  study  by 
V.  Pirquet  and  Schick.' 

That  the  injection  of  diphtheria  antitoxin  in  human  beings  is  often 
followed,  after  an  incubation  time  of  from  three  to  ten  days,  by  ex- 
ant  heuiafous  eruptions,  urticaria,  swelling  of  the  IjTnph  glands,  and 
ofti'u  albuminuria  and  mild  pulmonary  inflammations,  has  been  noticed 
by  many  clinicians,  who  have  made  extensive  therapeutic  use  of  anti- 
toxin. It  was  recognized  early  that  such  symptoms  were  entiR-ly  inde- 
pendent of  the  antitoxic  nature  of  the  scrum,  but  depended  upon  other 
constituents  or  properties  peculiar  to  the  antitoxic  serum.  Moreover, 
symptoms  of  tliis  description  were  by  no  means  regular  in  patients  in- 
jected for  the  first  time,  but  seemed  to  depend  upon  an  individual  pre- 
disposition, or  idiosyncrasy,  v.  Pirquet  and  Schick,  however,  noticed 
that  in  those  injected  a  second  time,  after  intcr\'als  of  weeks  or  months, 
the  consequent  evil  effects  were  rapid  in  development,  st^vero,  and 
occurred  with  greater  regularity.  Many  of  the  phases  of  such  "serum 
sicknes.s"  are  still  obscure,  since  experimental  conditions  can  not  be 
controlle<l,  and  many  modifying  factors  can  not  be  excluded  in  observa- 
tions made  upon  human  beings,  ami  the  grouping  of  the  above  conditions 
with  the  phenomena  of  ana])hylaxLs  is  still  tentative. 

The  fundamental  observations  from  which  our  present  knowledge  of 
anaphylaxis  takes  its  origin  are  those  made  in  1S98  by  Hericourt  and 
Richet,'  who  observed  that  repeated  injections  of  eel  .serum  into  dogs 
gave  rise  to  an  increa.setl  s\isceptibUity  toward  this  substance  inst«'ad 
of  immunizing  the  dogs  again-st  it.  Following  up  the  lines  of  thought 
suggested  by  this  phenomenon,  Portier  anil  Richet'  later  made  an  in- 
teresting observation  while  working  with  actino-congestin — a  toxic 
substance  which  they  extracted  from  the  tentacles  of  .Vctinia.    This 

'».  Pirquet  and  Schick,  "  Die  Serum  Krankheit,"  monograph,  Leipzig  and  Wien, 
1005. 

*  Hericouri  and  Richet,  Compt.  rend,  de  la  aoc.  de  biol.,  53,  1898. 

>  Pitrticr  and  Richet,  Compt.  rend,  de  la  soe.  de  biol.,  1002;  Riehet,  Ann.  de 
I'inat.  Paateur,  1907  and  1908. 
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Bubstance  in  doses  of  0.042  grams  per  kilogram  produced  vomiting, 
liiarrhea,  collapae,  and  death  in  dogs.  If  doses  considerably  smaller 
than  this  were  given  in  quantities  sufficient  to  cause  only  temporary 
illness,  and  several  days  allowed  to  elapse,  a  scconrl  injection  of  a 
<iuantity  less  'than  one-quarter  or  one-fifth  of  the  ordinary'  lethal  dose 
would  cause  rapid  and  severe  sjTnptoms  and  often  death.  Similar 
observations  were  made  soon  after  this  by  Richet  with  mytilo-congcs- 
tin,  a  t«xic  substance  Isolated  from  mussels.  In  these  cx]>f'riments  there 
remained  little  doubt  as  to  the  fact  that  the  first  injection  had  given  rise 
to  a  well-marked  increased  .susceptibility  of  the  dogs  for  the  poison  used. 

It  was  Richet  who  first  applied  to  this  phenomenon  the  terra  "ana- 
phylaxis" (flKa  against,  foidSts  protection),  to  distinguish  it  from 
immunization  or  prophylaxis. 

Soon  after  Richet 's  earlier  experiments,  and  simultaneously  with  his 
later  work,  Arthus*  made  an  observation  which  plainly  confirmed 
Richct's  observations,  though  in  a  somewhat  different  field.  The  ob- 
servation of  Arthus  is  universally  spoken  of  as  the  "phenomenon  of 
Arthus." 

He  noticed  that  the  injection  of  rabbits  with  horse  sertmi  (a  sub- 
stance in  itself  without  toxic  properties  for  normjU  rabbits)  rendered 
the  rabbits  delicately  susceptible  to  a  second  injection  made  after  an 
interval  of  six  or  seven  days.  The  second  injection — even  of  small  doses 
— regularly  produced  severe  symptoms  and  often  death  in  these  animals. 

An  observation  vcrj-  similar  to  thiit  of  .\rthus  was  made  by  Theobald 
Smith'  in  1!K)4.  Smith  observed  Ihat  guinea-pigs  injected  with  diph- 
theria toxin-antitoxin  mixtures  in  the  course  of  antitoxin  standardiza- 
tion, would  be  killed  if  after  a  short  interval  they  were  given  a  subcu- 
taneous injection  of  normal  horse  serum. 

Tlic  fundamental  facts  of  hypersusccptiliility  harl  thus  been  observed, 
and  Otto,'  working  directly  upon  the  basis  of  Smith's  observation, 
carried  on  an  elaborate  inquire'  into  the  phenomenon,  .\lmost  simul- 
taneously with  Otto's  publication  there  appeared  a  thorough  study  of 
the  condition  by  Rosenau  and  Anderson.* 

The  researches  of  Otto,  and  Rosenau  and  Anderson,  besides  con- 
firming the  observations  of  previous  workers,  brought  out  a  large  nimiber 

'  Arttuu,  Corapt.  rend,  de  la  soc.  de  biol.,  55,  1903. 
'Th.  Smith.  Jour.  Med.  Res.,  1904. 
'Olio,  '•I^ulhoM  Gedenkschrift."  1905. 

*  RoMTutu  and  Amteraon,  Hyg.  Lab.  U.  S.  Pub.  Health  and  Marine  Hoap.  Serv. 
Bull,  29,  M.  KHK),  1907. 
2U 
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of  new  facts.  They  showed  conclusively  that  the  action  of  the  horse 
serum  had  no  relationship  to  its  toxin  or  to  its  antitoxin  constituents, 
that  the  "sensitization"  of  the  guinea-pigs  by  the  first  injection  became 
most  marketl  aft^^r  a  definite  incubation  time  of  about  ten  days.  Sen- 
sitization was  accomplished  by  extremely  small  doses  (one  one-millionth 
in  one  case,  usual  doses  sic  to  1  c.c.).  Roscnau  and  Anderstm,  further- 
more, excluded  hemolysin  or  precipitin  action  as  explanations  of  the 
phenomena,  and  prove<l  that  hypersuseeptibility  was  traasuiissible  from 
mother  to  off.spring,  and  that  it  was  specific — animals  sensitized  with 
horse  serum  not  being  sensitive  to  subsequent  injections  of  other  pro- 
teids.  These  authors,  Vaughan'  and  Wheeler,  Nicolle,*  and  others, 
furthermore,  showed  that  the  reaction  was  by  no  means  limited  to  animal 
sera,  but  was  elicited  by  prot-eins  in  general,  pepton,  egg  albumin,  milk, 
the  extract  of  peas,  and  bacterial  extracts. 

The  t>T)icaI  anaphylactic  reaction,  then,  is  obtained  when  animals, 
preferably  guinear-pigs,  are  inject-ed  with  a  small  quantity  of  a  given 
protein,  and  ten  or  fifteen  days  subsequently  given  a  second  injection 
of  the  same  substance  employed  for  the  first  or  sensitizing  inoculation. 
The  quantity  used  for  the  second  injection  should  be  considerably 
larger  than  that  used  for  sensitization  when  the  injection  is  made 
iiitraperitoneally  or  subcutaneously.  When  given  intravenously,  intra- 
cranially,  or  intracardmlly,  amounts  as  small  as  0.25  to  0.008  c.c.  may 
suffice.  The  time  at  which  a  second  injection  gives  rise  to  the  most 
violent  sjinptoms,  moreover,  is  to  a  large  extent  dependent  upon  the 
size  of  the  sensitizing  do.se.'  After  extremely  small  initial  quantities 
(0.005-0.002  CO.),  the  anaphylactic  state  is  usually  well  developed,  ac- 
cording to  Rosenau  and  Anderson,*  after  twelve  or  fourteen  days.  Aft^r 
larger  iloses '  the  time  requiretl  for  the  development  of  anaphylaxis  is 
usually  longer — extending  often  over  weeks,  or  even  months. 

While  the  sensitizing  or  first  flose  may  Im'  given  subcutaneously, 
intravenou.sly,  intraperitoneally,  or  intracardially  with  ecjual  success, 
Bf'sredka  and  Steinhardt  maintain  that  no  anaphylaxis  results  if  the 
first  tlose  is  given  intracranially.  This  statement,  however,  has  foimd 
contradiction  in  tlie  work  of  Rosenau  and  Anderson.  The  time  required 
for  full  sensitization,  furthermore,  depends,  according  to  the  last-named 
authors,  also  uixtn  the  mode  of  injection  of  the  first  dose;  on  this  point, 
however,  no  conclusions  are,  at  present,  justified. 

'  Vatifhan,  Assn.  Am.  Phj-s.,  May,  1907.    •  Be»redka,  Ann.  de  I'iuBt.  Paalcur,  1907. 
•  SicoUc,  Ann.  <le  1'  Inst.  Pnsfpur,  2,  1903.  *  Rotenau  and  Ander»on,  loc.  cit, 

*Otlo,  MOnch.  med.  Woch.,  1907. 
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At  reinjection,  the  symptoms  are  most  severe  when  the  injection  is 
mode  intravenously. 

The  sjTnptoms  which  follow  on  the  reinjection  of  antigen  into  sensitive 
animals  may  show  a  wide  range  of  variation  aceording  to  the  degree  of  sensi- 
tiveness and  amounts  injeeted.  In  acute  anaphylaxis  of  guinea-pigs,  which  as 
you  know  has  been  the  most  thoroughly  studied,  there  is  a  rapid  and  severe 
death  which  may  not  occupy  more  than  a  fraction  of  a  minute  or  at  most  five 
to  ten  minut(>8.  The  animals  n'i>catedly  show  restlessness,  cough,  pass  urine 
and  feces,  develop  severe  dyspnea,  with  infreciuent  respiration  in  which  there 
seems  to  be  almost  complete  iiiuuobilization  of  the  chest  wall  and  in  which 
finally  only  shallow,  irregular,  sjiasmodic  efforts  take  place.  This,  as  Auer  and 
Lewis  have  shown,  is  due  to  tetanic  contraction  of  tiie  small  bronchioles,  with 
occlusion  of  the  air  passages,  practically  no  air  entering  the  lungs.  Aa  the 
dyspnea  develops,  there  may  be  at  the  same  time  spa.smodic  twitcliing  of  the 
limbs,  retraction  of  the  head  and  geuenU  con\'ulsions. 

When  for  some  reason  or  other  the  reaction  is  not  so  severe  the  animal 
may  show  merely  general  signs  of  illness,  ruffling  of  the  fur,  twitching  and 
restlessness,  with  respiratory  difficulty  of  varying  degree,  coughing,  and  evacua- 
tion of  urine  and  feces.  In  rabbits  the  sj'mptoms  are  often  less  rapid  in  de- 
velopment, but  in  general  principles  arc  similar;  in  ral)bits  there  is  more  fre- 
quently in  the  moderate  cases  a  gradual  mascular  weakness  in  wliich  the  an- 
imal lies  flat  on  the  gromid  unable  to  support  itself  on  its  legs,  a  condition 
which  may  proceed  for  long  periods.  Death  is  largely  res]iiratorj'  and  the 
heart  may  continue  to  beat  for  a  long  time  after  respiration  has  completely 
Stopped.    There  is  a  sinking  of  blood  pressure  and  a  depression  of  temix'rature. 

The  coagulation  time  of  the  blood  is  lengthened,  there  is  apparently  a  depres- 
sion of  tlie  leukociles,  and  according  to  a  numljer  of  investigators,  who  have 
been  recently  confirmed  by  Behring,  there  is  a  disappearance  of  blood  platelets 
and  an  increased  fiow  of  lymph. 

Pathologically  in  an  animal  dead  of  anaphylaxis  there  may  be  petechial 
hemorrhages,  according  to  Gay  and  Southard,  in  tlie  heart  muscle,  pleura  and 
intestmal  wall  and  there  may  be  fatty  degeneration  of  the  vascular  endothelium. 
In  guinea-pigs  esixicially  there  is  a  market!  emph.wseniatous  dilatation  of  the 
lungs  which  is  very  constant,  although  according  to  Doerr  it  is  not  aljsolutcly 
characteristic  of  this  condition.  Apart  from  the  anatomical  changes  following 
acute  anaphylaxis,  frequently  rei)eated  injections  of  small  doses  of  horse  serum 
or  egg  wliite  in  dogs,  cats,  rabbits  and  guinea-pigs  have  been  shown  iiy  Long- 
cope  to  produce  cell  injury  in  various  organs,  especially  in  the  liver,  myo- 
cardium and  kidneys. 

When  sensitized  animals  recover  from  the  second  injections,  they 
are  thereafter  immunt; — that  is,  they  do  not  react  to  subsequent  in- 
jections of  the  same  substance. 
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This  desensitization  or  "anllanfiphylaxis"  as  Bcsiedka'  and  Stoin- 
hardt  have  called  it,  appears  iinitiodiaU-ly  aftor  recovery  from  the  st^cond 
injection.  Antiauai)hylaxis  may  also  l>e  produced  if  animals  which  have 
received  the  first  or  sensitizing  dose  are  injeeted  with  eompfiratively 
large  quantities  of  the  same  substance  during  the  preanaphylactic  period 
— or,  as  it  is  sometunes  spoken  of,  during  the  anaphylactic  incubation 
time.  This  injection  should  not  be  done  too  !*oon  after  the  first  dose,  but 
rather  towartl  the  middle  or  end  of  the  preauapliylactic  period. 

If  given  within  one  or  two  dajTi  aft«r  the  sensitizing  injection,  ana- 
phylaxis will  develop,  nevertheless.  The  desensitized  condition  is  a 
purely  transitory  state.  Bi*sredka  and  Steinhardt  believe  that  it  lasts 
a  long  time,  while  Otto  found  guinea-pigs  immunized  in  the  above  man- 
ner to  lose  their  antianaphylaxis  within  three  weeks. 

An  important  development  wa.s  achieved  when  Nicolle,  Otto,'  Gay 
and  Southard,'  and  others  *  showed  that  the  hjT)ersusceptible  state 
could  lie  passively  transferred  to  normal  animals  by  injecting  them  with 
the  serum  of  anapliylaetic  animal.s.  In  such  exj)eriments  the  serum  of 
the  anaphylactic  animal  is  first  injected  in  quantities  of  0.5  c.c.  or  prefer- 
ably more,  ami  twenty-four  hours  later  an  injection  of  the  specific  anti- 
gen— that  is,  the  proteid  used  for  sensitization — is  given.  The  animals 
so  treated  show  tj^jieal  sjTnptoms  of  hypcrsusceptibility  and  oft<»n  die. 

Simultaneous  inocuhition  of  the  two  substances,  eitiier  mixetl  or  in- 
jected separately,  does  not  produce  t!ie  same  effect.  On  this  point, 
however,  there  is  not  complete  unanimity,  since  Weil!-Hall6  and  Lc- 
maire '  report  aphylactic  symptoms  in  guinea-pigs  hypersusceptible  to 
horse  serum.  A  fact,  observed  by  Otto,  is  that  the  serum  of  guinea-pigs 
who  have  been  given  the  sensitizing  or  first  injection  will  confer  passive 
anaphylaxis  on  the  eighth  or  tenth  day  after  injection,  before  the  ani- 
mals titemselvcs  show  evidences  of  being  actively  hypersensitized.  It 
is  also  true  that  occasionally  the  serum  of  antianaphylactic  animals  will 
possess  the  power  of  conferring  pa.ssive  anaphylaxis. 

Anaphylaxis  may  \x'  transmitted  by  inheritance.  Thus  the  young 
of  anaphylactic  guinea-pigs  show  hypersusceptibility,  irrespective  of 
whether  the  mother  became  hypersusce[)til>le  VK-forc  or  after  the  be- 
ginning of  pregnancy.  Such  anaphylaxis  has  no  reference  to  the  con- 
dition of  the  father,  and  is  not  transmitterl  by  the  milk. 

•  Bt^rnika  and  Sleinhardl,  Ann.  de  I'last.  Pasteur,  1907. 

•  Olio,  loc.  cit.  'Gay  and  Southard,  loc.  cit. 

•  WeiU-HaiU  and  Lemnire,  Compt.  rend,  de  la  8oc.  de  Biol.,  1907. 
^NicoUe,  Ann.  de  I'Inst.  Pasteur,  1907,  190S. 
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THEORIES  CONCERNING  ANAPHYLAXIS 

A  number  of  theories  of  annpliylnxis  have  been  advancwl  which  de- 

^e  serious  consideration,  since  they  are  experimentally  supported 
may  serve  as  point-s  of  departure  for  future  resean-h. 

One  of  the  earUest  itleas  was  based  on  the  Ehrlich  theory  of  re- 
ceptor overproduction  by  tissue  cells  during  immunization.  It  was 
suggested  that  h>^M'r8Usceptibility  might  be  due  to  stimulation  of  new 
specific  receptors  which  as  yet  remained  sessile  upon  the  cells  instead 
of  having  l)een  tiirown  off  into  the  bhwd  stream.  As  a  consequence, 
the  cells,  having  affinity  for  more  of  tlic  toxic  substance  of  the  antigen 
than  they  had  normally,  are  more  vtilncrable. 

V.  Pirquet  and  Schick,'  as  well  as  many  other  observers,  have  re- 
garded the  anaphyhvctic  process  as  analogous  to  other  imnmne  reactions, 
and  believe  that  an  antigen  in  the  serimi  first  injected  prwlucea  a  specific 
antibody.  The  reaction  Ix'tween  these  two  substances  following  the 
second  injection  gives  rise  to  the  anaphylactic  sj-mptonis.  The  e.s.son- 
tial  feature  of  this  opinion  is  the  assumption  that  the  substance  which 
sensitizes  after  the  first  injection  is  identic^il  with  that  which  exerts  the 
anaphylactic  injury  after  reinjection. 

Wolff-Eisner '  has  expressed  a  belief  which  has  found  much  experi- 
mental support  in  the  hands  of  Vaughan  and  Wheeler.'  Wolff-Eisner 
holds  that  all  cells  and  proteins  contain  a  toxic  substance  which  is 
characterized  by  its  inability  to  pro<luce  a  neutralizing  antilxidy  when 
injected  into  animals.  The  first  injection  i>roduc(^s  a  lysin  for  the  pro- 
teid  injected,  which  possesses  the  power  of  lil)erating  such  poisons  from 
the  complex  molecule.  A  second  injection  is  followetl,  consequently, 
by  a  rapid  hI>eration  of  the  toxic  fraction,  and  injury  to  the  animal 
results.  This  view  has  been  expressed  in  slightly  different  form  by 
Richet '  and  has  been  more  clearly  formulated  and  experimentally  sup- 
ported by  Vaughan  and  Wheeler*  who  were  actually  able  to  extract 
from  various  proteins  toxic  substances  which  gave  ri.se  in  animals  to  a 
sjTnptom  complex  not  unlike  that  of  tj'pical  anaphj'laxis.  (Extraction 
with  alkalinized  seventy-per-cent  alcohol.) 

The  earher  theories  of  Gay  and  Southard  ^  and  that  of  Besredka ' 

'  r.  Pirquet  und  Schick,  loc.  cit.  «  Wolff-Eimer,  Berl.  klin.  Woch.,  1904. 

*  Richet.  .\nn.  de  I'ln-st.  Pa«tpiir,  xxi,  1907. 

*  Vaughan  and  Wheeler,  Jour.  liif<H'l.  Dis.,  iv,  1907. 
'Oay  and  Soulhanl,  Jour.  Mofl.  Re-seflrch,  1907,  xvi. 
*Be»ndha,  Bull,  dc  I'Inst.  Pw.sii'ur,  1908,  vi,  820. 
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we  may  at  present  dismiss  with  a  few  words  as  interesting  developments 
in  the  theoretical  study  of  anaphylaxis  hut,  sinec  then,  proved  to  ho 
of  little  importance  in  tlie  actual  untlerstaniling  of  the  phenomena. 
Many  of  these  earlier  theories  were  made  possible  by  lack  of  sufficient 
evidence  that  anaphyliixis  depended  upon  the  reaction  l)etween  an  anti- 
body and  its  antigen  and  upon  attempts  to  show  that  the  substance 
which  was  sensitized  was  not  the  same  as  that  which  produced  the  toxic 
symptoms  on  reinjection.  This  last  opinion  was  mainly  based  upon 
such  experiments  as  those  of  Besredka  which  seemed  to  show  that  the 
toxogenic  was  less  heat  stable  than  the  sensitizing  substance,  but  since 
the  amount  which  sensitizes  need  l)e  only  anywhere  from  1-lOOth  to 
1-iOOOth  part  of  the  amount  required  for  the  production  of  t^xic  symp- 
toms, as  Wells  and  others  have  calculated,  it  is  plain  that  this  was  the 
explanation  for  the  apparent  difference  in  heat  stability  between  the 
two.  Chemical  differential  ion  Ix'tween  the  two  substances,  as  attempted 
by  Gay  and  Adler,  hiis  likewise  failed  to  hold  good.  We  have  now  come 
to  the  recognition  that  anapliylaxis  is  the  result  of  the  presence  of  spe- 
cific antilxxlies  in  the  animal  into  which  the  antigen  is  injected.  These 
antibodies  can  l>e  produced  on  the  one  hand  by  a  preliminary'  injection 
of  the  antigen,  thus  .stimulating  the  animal  to  protluce  its  own  anti- 
bodies, or  by  the  lUrect  injection  of  the  antilwdics  from  another  animal 
as  in  passive  sensitization  with  immune  serum. 

The  development  of  antilwdies  in  the  animal  then  alters  the  reaction 
capacity  of  the  animal  for  the  particular  antigen  employed-  This  is 
the  state  which  v.  Pirquet  has  named  "allergic,"  and  it  is  this  allergie 
or  changed  reaction-capacity  due  to  the  formation  of  antilxxlies,  whether 
circulating  or,  as  is  more  probable,  attached  to  the  cellfl  themselves, 
which  induces  in  the  animal  the  anaphylactic  state. 

It  is  by  means  of  the  passive  method  of  sensitization  that  the  relations 
between  anaphylaxis  and  antilwdies  have  been  most  successfully  stud- 
ied. Doerr  and  Russ  '  showed  that  the  power  of  a  senun  to  convey 
anaphylaxis  pas-sively  depended  directly  upon  it«  contents  of  specific 
antiboilj'.  It  was  then  shown  by  Nicolle,'  Otto,'  and  others,  that  a 
sharp  reaction  can  Iw  produced  by  this  method  only  when  a  distinct 
interval  not  less  than  4  to  6  hours,  was  allowed  to  lapse  between  the 
injection  of  the  antitiodies  and  the  injection  of  the  antigt'n.    This  may 

'  Ihirrr  and  fiim*,  Ztschr.  f.  Imniunitdtsforscb.,  1009,  iii. 
'  XutMr,  Bull.  <le  ritist.  Past.,  1907.  v. 

"  OUo,  Das  Theobald  Sniithache  Phoenomenon,  etc.,  von  LeutholdGolcnkschrif^ 
1905,  i. 
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be  taken  as  an  axiom  for  all  cases  in  which  the  antigen  is  an  unformed 
protein  in  solution.  Whether  or  not  it  holds  universally  good  in  the 
case  of  cell  anaphylaxis  is  a  question  too  oomplieatecl  to  he  discussed 
here.  When  the  antigen  and  antihoily  are  injected  simultaneously  or 
within  a  verj^  short  period  of  one  another,  no  anaphylactic  sjTnptoms 
occur.  The  study  of  this  interval  has  gradually  led  t«  the  belief  that 
the  anaphylactic  reaction,  whatever  it  may  be,  takes  place  upon  the 
lx)dy  cells  and  that  the  interval  is  necessitated  by  the  time  requin-d  for 
the  anchoring  of  the  antibodies  to  the  cells  of  the  body.  Experimentg 
by  Pearce  and  Eisenbrey'  (1010)  showed  definitely  that  a  senaitized 
ilog  rt^mained  sensitized  even  when  his  entire  blood  vohmie  is  suhsti- 
tuteil  with  that  of  a  normal  <log.  It  has  Ijeen  made  especially  clear 
by  the  introduction  of  direct  methods  of  observ'ation  of  the  smooth 
muscle  cells  of  animals  by  Schultz'  and  Dale,'  a  method  which  has 
been  particularly  developed  by  Weil.*  It  seems  fairlj^  clear  from  this 
work  and  a  volume  of  other  researches  which  cannot  be  reviewed  here, 
that  acute  protein  anaphylaxis  as  we  see  it  in  guinea-pigs  and  other 
laboratory  animals  is  due  to  the  direct  reaction  between  antigen  and 
a  specific  antibody  when  this  reaction  takes  place  upon  the  body  cells 
and  not  in  the  blood  stream.  Just  how  much  influence  the  reaction 
within  the  blood  steam  can  exert  or  whether  it  takes  any  important  part 
in  the  phenomena  is  at  present  a  matter  of  considerable  doubt. 

An  important  obser\'ation  made  by  Friedberger  and  Hartoch  *  and 
much  .studied  by  others  recently,  also,  has  been  the  diminution  of  com- 
plement or  alexin  in  the  serum  of  animals  suffering  from  anaphylactic 
shock.  It  has  been  shown  that  in  pa.ssive  anaphyhixis,  at  least  simul- 
taneously with  the  occurrence  of  sjiiiptoms,  there  is  a  marked  diminu- 
tion of  alexin.  Intravenous  injections  of  substances  which  prevented 
complement  absorption  in  vitro  (concentrate<i  salt  solution,  for  in- 
stance) diminished  shock  and  sometimes  prevented  it  in  sensitized 
animals.  They  attributed  this  to  the  fact  that  complement  was  thereby 
inhibited,  and  concluded  that  complement  took  an  important  part  in 
the  reaction.  Incidentally  it  may  be  mentioned  that  in  experiments 
upon  the  uterine  contractions  of  sensitized  guinea  pigs,  the  writer  with 


•  Pearce  and  Bisetibrry,  ConRr.  Am.  Pliys.  and  .Surg.,  1910,  viii. 
'Schullj,  Jour.  Pharnmcol.  niui  Exj>er.  Tiierap.,  1910,  i. 

•  Daif,  Jour.  Pharmacol,  and  Exptf.  Therap.,  1913,  iv. 

•  Weil,  Jour.  Med.  Research,  27.  1913;  30,  1914;  Proc.  Soc.  Exper.  Biol,  and  Med., 
1014,  xi,  80. 

'  Friedberger  and  Hartoch,  Zt^br.  f .  ImmuniUitsforsch,,  1909,  iii. 
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Lieb  and  Dw>'cr '  has  Wen  able  to  show  that  action  of  the  salt  pre- 
vents spasm  of  the  smooth  muscles  and  need  not  necessarily  be  inter- 
preted OS  indicating  an  inhibition  of  complement  action. 

An  important  development  of  Friedberger's  work  has  been  the  dem- 
onstration that  when  sensitized  antigen,  either  in  the  fonn  of  previpitate 
or  of  bacteria,  is  subjected  tn  viiro  to  the  action  of  alexin  or  complement, 
toxic  substances  (anaphylatoxins)  are  formed,  which  injected  into 
guinea-pigs  prwluce  sjinptoms  entirely  analogous  to  anaphylactic 
shock.  This  has  led  to  a  recognition  of  the  great  importance  of 
Vaughan's  earlier  work  in  pointing  to  the  possibility  of  anaphylactic 
shock  being  the  result  of  poisons  formed  l>y  the  split  jjrofhicts  of  pro- 
teins. Whether  or  not  these  anaphylatoxins  are  actually  produced  in 
the  circulation  of  animals  in  the  process  of  an.iphylactie  shock  cannot 
Ijc  definitely  tisserted  at  present.  It  seems  rather  unlikely  that  they 
are  produced  in  the  circulation  to  any  extent  during  shock  producetl 
by  the  dissolved  proteins  such  as  foreign  serum  or  egg  albumin.  It  is 
not  impossible  that  they  may  be  formed  in  the  course  of  cell  anaphylaxis  . 
and  that  they  may  play  a  considerable  part  in  the  toxemia  accompanying 
infectious  disea.se.  In  fact,  their  universal  production  from  practically 
all  known  bacteria,  and  the  experiments  of  Vaiighan  -  which  have  shown 
that  similar  poi.Hons  produced  from  proteins  can  lead  to  typical  tempera- 
ture reactions  in  animals  if  carefully  and  systematically  injected,  has 
cast  a  certain  amount  of  doubt  upon  the  existence  of  true  endoto.xins 
and  has  suggested  to  many  workers  the  possibility  that  the  toxemia 
produced  with  such  bacteria  as  typhoid  bacillus  and  others  may  be 
largely  a  prot<^in  split  product  intoxication  or  a  sort  of  prolonged  ana- 
phylactic poisoning. 

It  seems  un<iuestionabIe  that  this  altered  state  of  reaction  capacity 
to  specific  antigens  which  v.  Pirquet  has  called  allergic,  and  which  we 
speak  of  broadly  as  anaphylaxis,  underUes  many  conditions  observed 
in  the  human  being.  Most  important  among  these  is  the  friHjuently 
observed  serum  disease  which  occurs  after  the  injection  of  horse  serum 
and  other  sera  in  the  form  of  antitoxins  in  the  human  being.  It  may 
also  confirm  the  pathological  ba.sis  of  such  conditions  as  asthma  and 
hay  fever,  food  idiosyncrasies,  and  in  a  localized  way  it  is  probably 
the  basis  of  such  skin  reactions  as  the  tuberculin,  luetin,  and  mallein 
reaction. 

'  Zinater,  LUb,  and  Dwyer,  Proc.  Soc.  Exper.  Biol,  and  Med.,  VoL  XIl,  No.  8, 
May  19,  I9\r,. 

*  Vaughan,  Protein  Split  Products,  etc..  Lea  and  Febiger,  1913. 
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FACTS  AND    PROBLEMS    OF  IMMtWITY    IN    THEIR  BE.^RING  UPON 
THE  TREATMENT  OF  INFECTIOUS  DISEASES 

While  the  various  facts  and  theories  of  immunity  and  infection  have 
been  given  in  the  preceding  sections,  no  systematic  attempts  have  been 
made  to  correlate  the  facts  present-ed,  or  to  determine  their  bearing  on 
the  most  vital  problem  of  all — the  treatment  of  infectious  diseases. 

To  understand  more  fully  this  point  of  view,  it  is  necessary  briefly 
to  recall  certain  of  the  facts  which  arc  known  about  the  physiology, 
metabolism,  and  composition  of  the  bacteria,  and  of  their  ability  to 
neutralijie  directly  or  to  respond  adaptively  to  the  agents  directed  against 
them  by  the  inva<led  animal.  Sunie  of  the.stf  facts  are  so  well  understood 
that  passing  mention  here  is  sufficient:  such,  for  instance,  is  the  fact 
that  certain  microoi-ganisms,  cspeciiiUy  the  liacilii  of  diphtheria  and  tet- 
anus, secrete  soluble  poisons  both  tkiriiig  artificial  cultivation  ami  dur- 
ing their  life  in  the  animal  lK)dy,  which  poisons  are  eminently  to.\ic. 
These  poisons  are  true  secretions  and  are  largely  indejx'ndent  of  the 
composition  of  the  surrounding  medium  so  long  as  this  favors  the  physi- 
ologic activities  and  growth  of  the  gei-ms.  Such  germs,  then,  once  having 
gained  even  an  in.socure  foothold  in  the  animal  boily,  by  no  matt<'r  what 
favoring  circumstances,  arc  po.s.scssed  of  a  powerful  weapon  of  offense 
against  the  sensitive  physiologic  bases  of  the  host  and,  possibly,  of  de- 
fense against  its  more  immciliate  and  mobile  means  of  comijiiting  the 
germs  themselves.  In  the  cjuse,  however,  of  most  other  jyathogcnic 
bacteria,  the  secretion,  at  least  in  artificial  media,  of  such  hi;thly  soluble 
and  potent  poisons  has  not  been  demonstratcit  satisfactorily,  although 
certain  investigations  point  fairly  conclusively  to  the  proihiction  of 
some  minor  bo<lics  which  have  been  shown  to  act  deleteriously  on  the  red 
blood  cells  and  on  the  leucocytes — the  hemolytic,  Icucocidic,  and  leu- 
colytic  substances  which  are  looked  on  as  probably  true  soluble  to.xine, 
like  the  toxins  of  lUphtheria  and  tetanus,  which  give  rLsc  in  the  animal 
bofly  to  the  production  of  true  antitoxins:  i.e.,  are  neutralized  by 
their  antiscra,  unit  for  unit,  accorditijj  to  the  Liw  of  multiples. 
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Other  minor  poisons  may  in  some  instances  be  demonstrated  in 
culture  media,  and  also  may  possibly  be  formed  in  the  animal  body  by 
the  metabolic  activities  of  the  germs.  These  are  either  simply  waste 
products  of  metaliolisni  or  boilics  due  to  the  decomposition  of  the 
nutrient  media  in  which  the  germs  are  gowing.  These  bodies  are  usually 
referred  to  as  ptomuins,  and  iliffcr  eniir'ely  from  the  tnie  secreted  toxins, 
both  ill  their  chemical  coitipusitiuii  urid  in  their  physiologic  action,  re- 
semblinp;  in  both  of  those  the  alkaloids.  They  are  not  known  to  give 
ri.se  to  antibodies  of  iuiy  kind  in  animals. 

.\part  from  all  the  poisons  just  mentioned;  i.e.,  the  toxins,  hemoly- 
sin-s,  leucocidins,  and  ptomains,  there  is  supposetl  to  exist  a  most  vitally 
important  and  interesting  group  of  poisfinous  substances,  the  so-called 
endoto.xins.  These,  so  far  as  our  knowletige  goes,  are  poisons  rather 
firmly  seated  in  the  bacterial  cell,  which  are  not  secreted  in  our  ordinary 
cultur-'  metli.'i,  and  an>  suppo.'ied  by  most  observers  not  to  be  separable 
in  the  animal  fluids  and  tissues  from  the  intact  bacterial  cell.  These 
poisons  may  lie  demonstrated  in  okl  cultures,  in  which  the  bacteria 
are  dead  and  disintegrating  or  undergoing  autolysis — although  Pfeiffcr 
does  nut  consider  nutolyiic  products  nece-ssarily  similar  to  endotoxins 
— or  they  may  be  obtainefl  by  destroying  the  bacteria  racehanically  by 
pressure  and  grinding,  or  by  breaking  them  while  frozen.  In  the  animal 
body  they  are  said  to  become  fiec  when  tho  bacteria  die  and  decompose 
or  are  disintegrated  by  the  digestive  bodies  by  which  they  have  been 
attaekeri.  These  endotoxins  are  recognized  by  the  fact  that  they 
do  not  call  out  true  antitoxins  wiu"ch  IxTome  free  in  the  pliisma  and 
serum,  but  do,  nevertheless,  lead  to  the  fonnation  of  digestive  antibodies, 
these  not  following,  however,  the  "  law  of  multiples "  in  protecting  in- 
fect-ed  animals  from  the  jxiisons.  The  liberation  of  the.se  poLsons  by  the 
destruction  of  bacteria  in  the  animal  body  is  best  illustrated  by  the  ao- 
called  [ihcnomenon  of  PfeifTer  which  takes  place  when  cholera  vibrios 
and  iunuune  choleia  serum  art.'  introduced  into  the  peritoneal  cavity 
of  a  guinea-pig.  If  sptn-imens  are  withdrawn  from  time  to  time  from 
the  j)eritoneal  cavity  of  an  arumal  so  treated,  a  rapid  swelling  up, 
disintegration,  and  disappearance  of  the  vibrios  can  readily  be  tleuion- 
strated.  The  organisms  a|)]>arently  do  not  multiply  in  the  animal  body 
under  these  conditions  and  are  alnio.st  immetliately  destroyetl.  This 
disintegrating  power  ia  also  claimed  for  the  Iwdy  fluids  of  normal 
animals  and  is  supposed  to  be  demonstrated  by  the  following  experi- 
ment. When  graded  quantit'et<  of  a  freshcholera  cidture  are  introduced 
into  the  peritoneal  cavity  of  normal  g  liuea-pigs  of  equal   weight,  the 
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following  phenomena  can  be  regulailj'  observed:  Minimal  dosea  of  the 
culture  produce  a  febrile  coiidilion  which  continues  for  a  few  hours  with 
no  serious  symptonts.  Slightly  larpor  doses  give  rise,  after  a  short 
interval,  during  which  there  is  fever,  to  a  marked  drop  in  tempera- 
ture and  definite  synipt/oms  of  cholera  poisoning — muscular  weakness, 
twitdiing,  and  general  prostration.  These  symptoms  of  jwisoning  then 
gratlually  disupjx-ar,  and  after  twenty-four  houra  the  guinea-pigs  are 
again  nonnal.  If  the  quantity  of  cholera  culture  injected  is  carefully 
increased  up  to  tiie  niinimal  lethal  dose,  thcr  aiiiinal  dies  with  all  the 
symptoms  of  cholera  intoxication,  but  on  autopsy  the  peritoneum  is 
found  to  be  entirely  sterile,  or  only  a  few  isolated  cholera  spirilla  are 
found,  usually  inclosed  in  pus  cells.  Finally,  if  larger  quantities  of 
living  cholera  spirilla  are  injecteil,  the  peritoneal  cavity  shows  a  profuse, 
<§erou3,  sometimes  hemoiThagic  exu<late,  which  contains  innumerable 
actively  motile  microorganisms.  The  point  of  interest  in  this  experi- 
ment is  the  demonstration  of  the  fact  that  the  normal  guinea-pigs 
which  receive  enough  of  the  cholera  vibrios  to  prove  fatal  have  dc- 
tflroyed  the  vibrios  and  presumably  died  from  (he  jwi.soii  thus  liberated, 
and  not  from  poisons  secreted  by  living  vibrios,  or  from  an  overcoming 
of  their  systems  by  the  rapid  multiplieation  of  the  organisms.  It  is  only 
when  the  animal  system  is  previously  (luodcd  with  an  ovenvhelming  dose 
that  the  vibrios  arc  found  alive  and  multiplying  even  locally  in  the  peri- 
toneum after  death.  This  does  not  mean,  however,  that  no  multiplica- 
cation  ever  goes  on  hand  in  hand  with  the  destruction  of  the  germs  in  the 
infected  animal;  on  the  contrary,  such  a  multiplication  is  probably  the 
rule  rather  than  the  exception,  as  has  been  shown  fairly  conclusively 
by  the  experiments  of  Radziewsk}',  and  was  beautifully  illustrated  by 
an  experiment  of  Pfeiffer  and  \Vas.seniiann,  who  after  having  shown  that 
the  blootl  serum  of  human  b-ings  who  have  recovered  from  .\siatic  chol- 
era has  the  power  to  protect  guinea-pigs  from  ordinarily  fatal  doses 
of  cholera  spirilla,  even  when  utn'.d  in  high  dilutions,  then  proved  that 
this  protective  power  is  not  an  antitoxic  one,  but  depends  largely,  if 
not  entirely,  on  the  ability  of  llie  seiuni  to  aid  in  the  immediate  dissolu- 
tion of  the  vibrios.  Thus  anunals  which  received  only  a  fraction  of  a 
milligram  of  such  a  serum  were  able  to  Ix-ar  the  injection  of  a  loopful  of 
vindent  cholera  vibrios,  practically  without  reaction,  while  control 
animals  succumbed  to  one-fourth  of  the  dose  with  typical  symptoms. 
Now,  however,  if  the  dose  was  increased  to  three  or  five  loopfuls,  not 
even  ten  thousand  times  the  original  amount  of  the  serum  would  protect 
the  animals  against  the  inoculation.    The  toxic  effects  may,  in  fact,  as 
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shown  by  Pfeiffcr,  appear  with  cxtraonlinaiy  rapidity,  so  that  iu  these 
auinials  the  temperature  may  show  the  lethal  drop  within  two  hours 
after  inoculation,  while  control  animala  whieh  have  reecived  the 
same  quantity  of  cholera  germs  without  the  serum  may  not  show  a 
similar  lethal  drop  in  temperature  for  four  to  five  hours. 

An  explanation  of  the  results  of  this  experiment  is  found,  probably, 
in  the  fact  that  jroinea-pigs  are  able  to  withstand  a  certain  t|uantity  of 
the  intracellular  cholera  poison  (endotoxin)  which  may  be  repn-sented  by 
one  lonpful  of  a  fresh  culture.  If  the  animals  are  given  smaller  quantities 
without  the  serum,  saj'  one-fourth  to  one-half  loopful,  the  bacteria  may 
increase  for  a  time  without  producing  marked  symptoms.  Parallel 
with  the  increase,  however,  the  phenomenon  of  germ  destruction  is 
going  on  !in<l  characteristic  symptoms  of  intoxication  appear  at  the 
moment  when  the  number  of  vibrios  destroyed  has  become  so  large  that 
it  corri'sponds  to  more  than  one  loopful  of  the  cholera  culture.  An 
animal  will  thus  withstand  a  culture  of  any  size  when  mixefl  with  im- 
mune scrum,  if  the  dose  does  not  exceed  the  limit  of  intoxication  before 
it  is  entirely  destroyed.  On  the  other  hand,  when  guinea-pigs  receive 
the  largiT  dose  of  three  to  five  loopfuls,  the  seram,  not  being  anti- 
toxic, Is  not  able  to  counteract  the  fatal  effects  of  the  liberated 
cholera  poisons,  but,  on  the  other  hand,  enormously  increases  the  rate 
of  destruction  of  the  vibrios,  and  hence  intoxication  appears  earlier 
in  such  ti-eated  animals  than  in  the  controls  receiving  the  organisms 
alone. 

This  cla.ssic  cholera  experiment  hsus  been  selected  because  it  illus- 
trates the  most  extreme  limit  of  tiie  endotoxin  point  of  view,  and,  further, 
because  the  cholera  organism,  standing  ut  one  end  of  the  scale,  is  the 
most  extreme  example  of  p.af  hogenicity  by  virtue  of  its  own  destruction, 
wliile  the  diphtheria  bacillus  at  the  other  end,  as  we  have  seen,  is  one 
of  the  classic  examples  of  pathogenicity  by  virtue  of  secreted  toxins. 
Neither  of  these  organisms  is  truly  invasive  or  highly  parasitic,  and  both 
aie  harmful  usually  by  the  action  of  their  poisons  alone  and  acting,  as  it 
wen',  from  a  base  of  supply  on  the  i>eriphcr>'  of  the  animal  system.  Be- 
tween these  two  extremes  stand  all  grades  of  pathogenic  and  infective 
germs. 

These  two  organisms  are  typical  examples  of  their  kind,  but  there 
are  few  organisms  which  secrete  such  highly  toxic  solublt^  Iwdies  as  do 
diphtheria  bacilli,  and  there  are  few  .so  susceptible  as  the  cholera  organ- 
ism to  disintegration  within  the  animal  body;  and  yet  there  are  many 
germs  which  are  extremely  pathogenic,  and  in  many  cases  (capable  of 
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severely  and  detrimentally  infecting  the  animal  body.  In  view  of  this 
unquestioned  fact,  the  teaching  which  considers  all  poisonings  as  due 
either  to  true  soluble  secreted  poisons,  or  to  true  endotoxins  liberated 
only  on  disintegration  of  the  bacterial  cell,  is  probably  too  narrow. 

The  work  of  recent  years  has  even  cast  some  doubt  upon  the 
existence  of  preformed  endotoxins  in  the  bacterial  cell  and  has  indi- 
cated that  the  bacterial  protein  as  such  may  be  rcgarde<l  merely  as  a 
foreign  protein  which  would  do  no  special  harm  unless  it  reacted 
with  substances  in  the  animal  IkhIv  which  brought  about  its  disinte- 
gration. In  such  a  case  the  toxic  substances  formed  would  not  rep- 
resent preformed  poisons,  integral  parts  of  the  bacteria!  body,  but 
rather  protein  split  products  derived  from  the  bacteria  by  proteo- 
lytic action  on  the  part  of  the  plasma  constituents. 

Some  clarity  of  conception  may,  as  we  have  suggested,  be  gained 
by  comparing  some  of  the  products  of  pathogenic  bacteria  with  bacterial 
pigments  and  with  insoluble  interstitial  or  intercellular  substance, 
which  may  be  seen  accompanying  bacteria  in  cover-glass  preparations. 
Soluble  toxic  secretions  are  to  be  comparetl  to  such  pigments  as  the 
pyocyanin  of  Bacillus  pyocaneus,  which  is  so  readily  soluble  in  culture 
media;  endotoxins  proper,  to  pigments  cimfineil  to  the  bactt'rial  cell, 
or,  at  least  when  secreted,  lx?ing  insolui)le  in  culture  media,  such,  for 
instance,  as  the  well-known  red  pigment  of  Bucilbus  prodigioaus,  which 
may  often  be  set^n  free  among  the  bacteria  in  irregular  red  granules 
like  carmine  powder.  That  bodies  such  as  this  latter  might  be  ex- 
truded from  pathogenic  bacteria,  and  not  be  soluble  in' the  usual  culture 
fluids,  is  not  improbable,  and  the  fact  that  more  or  less  insoluble  inter- 
stitial substances  are  not  infrequent  among  bacteria  is  well  known. 
Among  pathogenic  germs  these  characters  are  often  more  marked  in 
freshly  isolated  cultures.  The  sticky,  almost  slimy  character  of  cul- 
tures of  meningococcus  may  be  recalled,  a  character  wliich  tends  to 
disappear  after  a  few  generations  of  artificial  cultivation,  and  the  highly 
mucinous  capsule  of  the  Streptococcus  mucosiis  which  tends  to  ilecrcase 
under  artificial  cultivation,  as  do  al.so  the  capsules  of  pneumococci  and 
streptococci. 

Now,  it  seems — and  this  view  has  been  supported  by  Walker, 
Deutsch,  Welch,  and  Eisenberg,  and  is,  in  fact,  but  an  axiom  which 
would  be  recognized  immediately  by  any  trained  biologist — that  all 
microorganisms  will  adapt  themselves  so  far  as  is  permitted  by  their 
physiolfjgic  peculiarities  to  the  stress  of  the  enviroimient,  the  exact 
direction  which  this  adaptation  will  take  being  determined  by  the  char- 
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n<^ter  of  the  en^nronincnt,  chfiniral  and  physical,  and  the  physical, 
cliemical,  and  physiologic  charat-l eristics  of  iiic  gcrni  involvi'd. 

HaviiiK  now  conRidcrc<l  the  litictcria  in  their  flefcasive  and  offensive 
mechanism,  let  lis  turn  to  the  mechanism  of  protection  at  the  disposal 
of  the  aniniiii  hody. 

The  internal  defenses  of  Ihc  animal  Ixnly  have  largely  been  eluci- 
dateii,  as  we  have  seen,  thruiiRh  morpholngic  investigation  of  cellular 
activities  taking  place  in  the  animal  body  or  tinder  cr)ntrolleil  condi- 
tions in  the  test  tube,  and  by  visible  reactions  taking  jilace  in  test  tubes 
between  tlie  flui<ts  of  normal  or  immunized  animals  and  the  bacteria 
and  their  products,  and,  Giially,  by  the  more  purely  pliysiolojrie  tests 
of  the  protecting  power  and  mechanism  of  action  of  animal  Hui<ls  or 
extracts  when  introduced  iut^i  atiotlier  animal  of  the  same  or  different 
species,  along  with  the  Inu-teria  or  their  products. 

Such  studies  have,  as  is  well  known,  afforded  a  vast  amount  of  in- 
formation. Through  them  the  s«lul>le  secreted  bacterial  poisons  have 
Ix'en  demonstrated  and  have  been  found  to  stimulate  the  production  of 
neutralizing  botlies,  the  antitoxins;  liacteria  and  their  culture  filtrates 
have  been  shown  to  n\U  forth  Ixxlies  which  are  present  in  the  serum  of 
animals  treated  with  them,  and  which  cause  a  precipitation  of  certain 
bacterial  constituents  of  the  filtrate — the  precipitins;  similar  injections 
have  Ijeen  found  to  cause  the  production  of  senmi  liodies  wKicTi  have 
the  power  of  agglutinating  the  bacteria  when  brought  into  contact  with 
them — the  agglutinins;  and  other  bwlies  are  likewise  produced  which 
are  capable  under  proper  conditions  of  killing  the  bacteria — the  bac- 
tericidal -substunct^ — or  even  of  dissolving  them  as  we  have  seen  in 
some  instances — the  bacteriolytic  substances.  All  of  these  activities, 
present  to  a  certain  extent  in  n<irmal  serum  but  vastly  increased  in 
inutiune  sera  may  perhaps,  as  formerly  claimed,  be  due  to  separate 
serum  constituents,  but  it  is  our  own  view  at  present  that  they  repre- 
sent different  activities  of  the  same  sp<'cific  type  of  antiixMly,  namely, 
a  sensitizer  in  the  sen.se  of  Bordet,  by  the  agency  of  which  the  antigen 
is  rendered  susceptible  either  to  the  action  of  the  alexin  or  to 
phagocj'tosis.  Eiu-h  antigen  injected  into  the  animal  Ixidy  would 
thus  give  rise  to  a  sp<'cific  sensitizer,  or,  in  the  language  of 
Ehrlich,  amboceptor.  The  union  of  the  antigen  with  this  am- 
boceptor alters  it  so  that,  if  a  whole  cell,  it  is  subjected  to  ag- 
glutination by  electrolj'tes  and  other  influences;  if  a  dissolved 
protein,  it  becomes  precipitable  and  at  the  same  time  is  rendered 
amenable  to  the   action   of   alexin   ami   can   be  more   easily  taken 
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up  by  phftgocytic  cells.  Tlic  complement  is  not  increased  during 
imrnvmiznt  ion. 

These  f.icts  we  have  leAmcfl  from  t.h(>  study  of  the  s^Tuin;  on  the 
other  hand,  the  morphologir  investigations  instigated  and  carried  on 
larpeiy  by  MetchnikolT  and  his  foilowiTs  have  taught  us  tlie  ^reat  part 
which  the  formed  elements  of  tlie  blood  and  lJ^nph  play  in  tiie  protec- 
tion against  and  cure  of  germ  disesises,  and  the  importance  of  the  phago- 
cytes is  now  widely  recognized. 

Of  these  cells,  the  poljnnorphonuclear  leucocytes  take  a  very  active 
part  in  the  ingestion  and  destruction  of  ba<rteria,  while  the  large  mono- 
nuclear leucoc.v'tes  and  endothcli.al  cells,  especially  those  lining  the  blood 
vessels  and  Ixnly  cavities,  although  also  al)le  to  ingest  bacteria  directly, 
are  chiefly  active  in  taking  up  cells  of  animal  origin,  principally  those 
which  necessarily,  in  the  normal  covirse  of  events,  Ix-long  to  the  same 
animal  and  have  probably  become  injured  or  have  sutfcred  death.  It 
has  also  lx?en  shown  that  many  cells  in  different  parts  of  the  Iwdy  may 
take  part  in  phfigocji osis  Iwth  under  conditions  of  normal  physiological 
processes  and  under  the  stress  of  invasion.  The  recent  work  of  Kyes' 
has  inclined  us  to  think  that  pluigocytosis  by  fixetl  tissue  cells  plays  a 
more  important  part  in  protection  than  hitherto  suspected.  Kycs  has 
found  that  pigeons  which  possess  a  powerful  nonnal  resistance  against 
pneumococci,  dispose  of  these  bacteria  by  phagocytosis  carried  on  in 
the  liver  by  enditthelial  and  other  cells.  Injected  either  intraperitoneally 
or  intravenoasly,  the  bacteria  are  soon  found  collected  in  huge  masses 
within  such  cells. 

It  does  not  seem,  in  this  connection,  a  far-fetclved  itlea  to  suppose 
that  phagocytic  cells  may  use  naturally  otlier  cells  and  bacteria  jis  a 
part  of  their  regular  food  supply.  The  poljTnorplionuelear  leucocytes 
may  thus  depend  to  some  extent  on  the  ever-entering  btictcria  and  their 
remains;  for,  as  we  know,  bacteria  arc  constantly  entering  along  the 
regular  channels  of  absorption,  and  it  is  just  as  obvious  that  numbers 
of  blouil  and  tissue  cells  are  constantly  dying  out  and  nnist  be  disposed 
of,  fijr  such  processes  are  always  in  evidence  in  the  spleen,  and  the  inges- 
tion of  polymorphonuclear  leucocytes  by  the  large  mononuclears  can  lje 
observed  wherever  leucocytes  are  collected  in  exudates,  due  either  to 
Infections,  poisons,  or  supposedly  benign  irritants.  The  simple  fact 
that  these  cells  retain  the  basic  physiologic  activities  and  an  ability  to 
ingest  and  digest  food    in   its   crudest   form,  which  ability  wtis  the 
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fieritiige  of  their  freo-swimming  ancestors,  and  that  they  have  not 
suffereti  tlie  total  speiMiilizatiuii  and  physiologic  degeneracy  of  the  fixed 
tissue  cells,  seems  sufficient  e\'ideiice  to  warrant  the  conclusion  that 
they  are  most  active  factors  in  the  protection  of  the  specialized  internal 
tissue  cells,  which  control  the  general  nietalwlism  and  higher  func- 
tions of  the  aniiutil  liody.  It  seems  wortJi  mentioning  that  the 
leucocjies,  alone  probably  of  all  the  true  cells  of  the  body,  are  entirely 
independent  of  the  nerve  control,  and  are  subject  only  to  the  stimula- 
tion of  their  chemical  and  physical  environment,  and  are  thus  sus- 
ceptible of  acJaptation  to  and  capable  of  subserving  various  purposes 
which  would  be  fatal  to  the  duties  of  cells  controlled  by  the  nerve 
mechanism  for  the  speciiJ  funi'tions  of  the  organism  at  large.  Further 
than  this  the  death  of  leucocytes  dix-s  not  matter,  as  would  the  death  of 
s|>eciali}!ed  and  nerve-t«ntrolleil  cells,  for  no  special  metabolic  or  func- 
tional derangement  occurs  from  their  destruction. 

In  considering  this  independence  of  the  leucocytes  it  must  not  be 
assumed  that  they  have  not  varied  from  primitive  ameboid  cells,  for  un- 
douljtedly  their  life  and  proper  functioning  are  largely  determined  by  the 
special  plasma  in  which  they  hve,  and  it  may  be  that  their  food,  although 
at  times  crude  compared  with  that  of  the  other  botly  cells,  is  ni>ver- 
theless  usually  prepared  for  them  by  proceases  going  on  in  the  plasma. 

Questions  relating  to  the  independence  and  to  the  interrelation  of 
the  pla.snia  and  leucocytes  in  their  action  on  invatling  microorganisms 
and  the  action  of  pliisma  as  iximpareil  with  serum  hav(>  Iwen  grounti  for 
scientific  strife  for  many  ye^rs,  one  side  contemling  for  the  activity  <»f 
the  plasma,  the  other  for  the  activity  of  the  phitgocj't^'s ;  the  huinoralist 
at  first  neglecting,  if  not  a!)solutely  forgetting,  that  a  fluid  can  not  be 
self-replenishing,  while  the  supporters  of  phjigocytosis  largely  over- 
looked the  fact  tliat  phisnia  is  not  necessarily  an  inert  menstruum  such 
as  salt  solution, 

While  these  differences  have  In'en  to  .some  extent  adjusted  by  the 
theory  and  work  of  Ehrlich,  an  inimetliate  point  of  contention  is  .still  the 
question  of  the  sinularity  of  action  of  pliLsma  and  serum.  The  humoral 
school  contends  that  the  alexin  of  Buchner — complement  of  later 
writers — is  secreted  into  the  p!a.sma,  while  the  MetclmikofT  school 
claims  that  it  is  only  given  up  from  injured  leucocytes  in  the  Ixwiy, 
and  to  the  s<'rum  by  destruction  of  leucocytes  during  coagulation.  The 
Metchnikoff  school  maintains,  however,  that  the  amboceptors  necessary 
ior  bactericidal  and  bacteriolytic  action  are  formed  in  excess  in  the 
phagocytes,  and  given  off  from  these  to  the  plasma,  yet  asserts  that 
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they  are  inactive  for  lack  of  the  complement  which  is  normjUly  retained 
in  the  leucocytes,  an«l  that  they  sinipl>'  prepare  the  bacteria  for  com- 
plete digestion  in  the  leucocytes.  From  the  work  of  recent  years  it 
would  seem  rather  unlikely  that  either  alexin  or  sensitizer  take  their 
ori^n  in  the  leucocytes  in  the  ceils. 

In  1894  a  further  adjustment  of  differences  took  place,  when  certain 
phenomena  observed  by  Denys  and  his  pupil  Leclef  demonstrated  that 
the  act  of  phagocytosis  whm  performed  in  serum,  in  some  instances 
at  least,  was  dependent  on  the  presence  of  certain  substances  in  the 
serum.  Thus,  they  were  able  to  show  that  leucocjles  removed  from 
normal  bloo<i  and  placed  with  bacteria  in  immune  serum  enulfed 
the  bacteria  actively,  while  leucocytes  from  immunized  animals  mixed 
with  bacteria  in  normal  serum  took  up  the  organisms  no  more  actively 
than  the  normal  leucocytes.  The  l>o<ties  inciting  the  phagocjioais  mast 
obviously,  then,  they  concluded,  be  in  the  serum.  Whether  these  bodies 
acted  on  the  leucocyte  or  on  the  bacteria  was  not  then  determined, 
Init  Denys  concluded,  in  1898,  that  the  bacteria  were  directly  affected. 
Tlie  fact  that  the  action  is  exerted  on  the  bacteria  was  recently  de- 
t«rmine<l  positively  by  Wright  for  normal  sertmi,  and  by  Neufeld  and 
Rimpau,  independently  of  Wright,  for  immune  serum.  These  bodies 
have  been  called  opsonins  by  Wright,  and  bacteriotropins  Ijy  Neufeld, 
and  have  been  shown  to  attach  themselves  to  the  bacteria  and  thus 
prepare  them  for  ingestion  by  the  pli;igocytes.  It  has  also  been  shown 
by  various  observers  that  the  more  virulent  the  gcnn,  the  less  susceptible 
it  is  to  phagocytosis  and  the  more  potent  the  antisera  must  be  to  permit 
of  the  ingestion  by  the  cells. 

If  now,  for  clarity  of  conception,  we  summarize  briefly  the  disease- 
producing  agents  po&sessed  liy  the  bacteria  and  the  opposing  substancea 
of  the  serum  and  proces.ses  of  the  animal  body,  we  find  the  true  toxins, 
including  probably  leucocidins  and  lieinolysins,  opposed  by  antitoxins 
which  become  free  in  the  plasma;  the  bacterial  bodies  and  possibly  the 
endotoxins  opposed  by  leuco('\'t,es,  and  by  lytic  substances  fomunl  of 
amboceptor  and  complement,  which  either  kill  or  dissolve  the  bacteria 
and  free  the  endotoxins,  but  do  not  neutralize  them;  and,  third,  we 
have  probably  certain  sulwtances  which  oppose  phagocytosis. 

These  last  named  substanc&s  are  largely  problematical.  Bail  ha.s 
described  substances  which  he  calls  aggressins,  which  he  thinks  prevent 
the  destruction  of  bacteria  by  protective  mechanism  of  the  invaded 
body.  He  Iwlieves  that  these  are  secretions  produced  by  the  liacteria 
under  the  conditions  found  in  the  normal  body  but  not  in  the  tea«, 
21 
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tube.  Wasscrmann  and  Citron  hclicvc  that  Bail's  aggressins  are  noth- 
ing further  than  endotoxins  which  divert  iintibo<tips  from  bacteria 
themselves,  by  neutralizing  them.  We  ourselves,  reasoning  from  worii 
done  by  the  writer  with  Dwyer,  are  inclined  to  believe  that  Bail's 
aggressins  are  of  the  nature  of  proteotoxins  ur  anaphylatoxins  which  are 
formed  in  the  reaction  between  bacteria  and  active  serum  constituents 
when  phagocjiosis  for  some  reason  is  inhibitetl.  Whether  or  not  the 
agglutinating  and  precipitating  functions  of  immune  sera  have  any 
protective  importance  is  somewhat  obscure. 

The  recent  work  of  Bull  seems  to  indicate  that  bacteria  are  rapidly 
agglutinating  in  the  animal  lx>dy  and  that  by  this  agglutination  phago- 
cytosis of  the  bacteria,  by  fixed  and  mobile  phagocytosis  throughout 
the  body,  is  facilitated. 

While  all  of  these  different  functions  and  chemical  substances  are 
possessed  by  animals  as  a  class,  it  is  becoming  more  and  more  obvious 
that  these  are  not  always  present  or  active  in  the  same  degree,  and  that 
there  are  recognizaljle  differences  in  the  protective  mechanisms  of  dif- 
ferent animal  species— in  species,  in  fact,  not  far  removed  from  each 
other  in  the  natural  classification.  An  explanation  of  reactions  to  a 
given  infection  which  applies  in  the  case  of  one  species  is  not,  therefore, 
obvnously  applicable  in  the  case  of  another  species.  This  is  true  not  only 
of  the  mechanism  of  protection  as  it  takes  place  in  the  senim  of  dif- 
ferent animals  and  in  their  plasma,  but  also  of  phagocjiosis  and  phagocy- 
tic digestion  and  the  factors  which  contribute  to  the  perfection  of  these 
processes.  The  constant  stumbling-block  in  the  way  of  a  correct  in- 
terpretation of  processes  going  on  in  the  animal  boiiy  is  our  inability,  as 
we  have  seen,  to  argue  from  serum  phenomerui  to  phenomena  occurring 
in  the  plasma.  A  failure  to  keep  this  in  mind,  although  it  is  fully  recog- 
nized, has  undoubtedly  led  to  many  hasty  concJusions,  particularly 
connected  with  the  theory  of  h'lic  immunity.  This  may  be  illastrated 
by  a  well-knowii  example:  Fresh  rabbit  serum  is  actively  germicidal  for 
anthrax  bacilli,  dug  serum  is  not;  yet  rabbits  are  extxemely  sensitive 
to  a  true  anthrax  infection,  while  ilogs  are  very  resistant.  Experiment 
has  shown  that  there  are  sensitizers  in  the  sera  of  both  these  aninuils, 
but  that  the  tlog's  serum  does  not  contain  the  complement  necessary 
for  their  action  on  the  bacilli;  the  complement  presumably  has  re- 
mained in  the  Ixxly  cells,  whereas  in  the  case  of  the  rabbit  it  has  pos- 
sibly been  liberated  from  the  leucocjies  during  clotting.  The  rea-son 
the  dog  is  insusceptible  is,  then,  not  l>ccause  of  plasma  destruction  of 
tile  invading  anthrax  germs,  but  probably  because  of  a  more  perfect 
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adjustment  of  the  cellular  mechanism  to  the  infection,  although  if  we 
simply  followed  the  theorj'^  of  the  bactericidal  action  of  scrum  and 
plasma  as  being  coextensive,  and  the  active  protective  mechanism,  the 
rabbit  should  have  been  protected,  while  the  dog  should  have  suc- 
cumbed. The  difTcrence  here  prol>ably  depends  upon  adequate  piiag<v 
cytosis  in  the  dog,  while  in  the  rabbit  either  the  moehanisni  of  ingestion 
is  incomplete  or  the  cells  fail  to  cope  successfully  with  their  contents. 
As  a  matter  of  fact,  we  are  coming  more  and  more  to  the  conclusion 
that  actual  bacterioljlic  processes  wthiu  the  circulating  pla.«ima  arc 
much  less  important  in  protection  against  invading  bacteria  than  wiks 
formerly  supposed  by  the  humoral  school  of  bacteriologists. 

Even  if  the  evidence  so  far  in  our  possession  warrantetl  the  conclu- 
sion that  the  bactericidal  and  bacteriolytic  bodies  which  are  present 
in  the  sera  of  various  animals  are  present  :ind  active  again.st  eiTtain 
microorganisms  in  the  same  manner  in  tlicir  plasma,  we  should,  never- 
theless, still  have  a  number  of  microorganisms  which  are  singularly 
insusceptible  to  such  action  of  the  serum  or  phusma,  even  of  animals 
highly  immunized  against  them.  The  method  of  resistance  against 
these  would  have  to  be  explained  by  a  different  mechanism,  and  if  this 
death  and  destruction  are  not  accomplished  in  the  plasma,  then  we  must 
look  largely  to  the  activities  of  the  leucocytes  for  their  accomplishment. 

Now,  not  only  the  serum  substances  which  further  leucocytosis  have, 
as  we  have  seen,  received  much  attention  of  late,  hut  the  bodies  an- 
tagonistic to  the  bacteria  which  are  supposed  to  be  contained  in  the  leu- 
cocytes have  also  been  extensively  investigated. 

E.xperiments  bearing  on  these  questions  make  it  appear  extrcTuely 
probable  that  bactericidal  and  l>acteriolj'tic  actions  depend  on  two 
processes;  one  of  these  is  the  bacteriolytic  action  of  the  serum  and 
plasma,  the  other  the  bactericidal  action  of  substances  retained  in  the 
leucocytes.  As  an  example  of  the  type  supposed  to  depend  solely  on 
the  bactericidal  sulxstances  of  the  serum  or  plasma,  the  mechanism  of 
the  natural  and  artificial  immunity  of  guinea-pigs  to  tj^phoid  and  cholera 
may  be  cited,  since  in  thes<>  animals  no  one  has  as  yet  succeeded  in 
demonstrating  that  substances  derived  from  the  leucocytes  by  extrac- 
tion have  any  liadericidal  actiim  on  the  organisms  of  these  two  diseases. 
This  does  not  mean,  however,  that  the  bactericidal  action  takes  place 
naturally  outside  of  the  Icucocjles,  for  the  bacteria  loiuled  with  sensi- 
tizers are  proliably  taken  into  the  leucocjie  and  there  digested.  As 
examples  of  immunity  depending  on  substances  within  the  leucocjtes, 
the  imtural  and  artificial  immunity  of  dogs  and  cats  to  anthrax,  and  the 
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immunity  of  guinoji-pigs  to  certain  strains  of  proteus,  may  be  cited, 
for  in  these  cases  the  leucocyte  extract  Ls  germicidal,  while  th<?  serum 
is  not. 

Stated  impartially,  then,  our  knowledge  of  immune  bodies  and  proc- 
esses stands  somewhat  thus:  There  are  certain  sensitizing  substances 
possibly  present  in  the  plasma,  certainly  in  the  serum  wherever  this 
is  fonned  in  a  pathological  process,  which  have  specific  affinity  for  the 
invading  genns  and  their  products  anil  which  when  supplied  with 
complement,  either  normally  present  in  the  plasma  or  derived  from  the 
cellular  source,  may  become  actively  harmful  to  the  bacteria,  killing 
them  or  even  breaking  them  up,  with  the  lilx-ration  of  bodies  which 
may  become  poisonous  to  the  animal  per  se  or  by  further  digestion. 
This  same  sensitization  by  the  plasma  constituents,  while  not  in  itself 
injuring  the  bacteria,  mivy  subject  them  to  the  phagocytic  power  of 
the  leucocytes.  These  latter  functions  of  the  plasma  are  spoken  of 
as  opsonins  or  hacleriotropins. 

By  a  great  many  workers  it  is  assumed  that  the  opsonic  function  is 
carried  on  by  serum  constituents  entirely  separate  and  apart  from  the 
bactericidal  or  agglutinating  functions.  The  writer  is  himself  inclined 
to  look  upon  the  specific  seasitizing  liody  in  the  scrum  as  probably 
identical  for  all  these  functions,  in  so  far  as  it  concerns  one  and  the 
same  antibody.  The  antigen  is  scTisitized  by  the  specific  antil>ody  and  is 
then  rendered  subject  to  the  agglutination  or  precipitation,  when 
physical  conditions  are  suitable,  to  bactericidal  effects  in  the  presence 
of  alexin  or  to  phiigoc>'tosis  in  the  presence  of  leucocytes. 

After  phagocytosis  has  taken  place,  the  germs  may  be  killed  and 
digested.  Some  of  the  bactericidal  lx>dies  of  the  phagocytes  are  sub- 
stances differing  in  character  from  the  Iji.ic  Ixwiies  of  the  serum,  and 
are  eitlier  not  given  off  to  the  serum  or  are  not  ju-tive  in  it;  whether 
the  Ij'tic  amlx)ceptors  present  in  the  serum  are  derived  from  the  leuco- 
cytes is  doubtful  and  rather  unprobable.  This  is  supported  by  the  sup- 
position that  guinea-pig  leucocj'te  extracts  are  not  germicidal  for 
cholera  and  tj^ihoid  organisms.  Nevertheless,  intracellular  digestion 
of  these  germs  does  go  on;  it  is  possible,  therefore,  that  the  ambo- 
ceptors present  in  the  plasma,  whatever  their  source,  attach  themselves 
to  the  germs  and  aid  ui  intracellular  digestion. 

None  of  the  processes  just  mentioned  leads  to  the  formation  of  anti- 
toxins which  become  fn-e  in  the  plasma  or  serum.  Now,  in  view  of  these 
facts  and  suppositions,  it  may  poasibly  lie  logical  to  wnceive  that  nearly 
all  pathogenic  germs  secrete  bodies  which  are  not  rearlily  soluble  in  cul- 
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ture  fluids  or  in  the  fluids  of  the  animal  body;  that  these  bodies  are  not 
readily,  if  at  all,  assimilable  by  non-phagocyting  cells.  These  bodies 
may,  however,  be  broken  up  by  digestive  bodies  present  in  the  serum, 
and  from  them  may  thus  be  lil^erated  a  poisonous  substance,  which  may 
then  be  a.ssimilate<J  by  the  higher  colls  of  the  body,  and,  when  in  suffi- 
cient quantity,  cause  death.  The  more  rapid  the  process  of  liberation 
the  more  quickly  death  ensues.  The  plasma  digestion  is,  then,  according 
to  this  conception,  a  mechanism  which  is  faulty  when  applied  to  bacteria 
and  their  pro<iucts,  and  if  this  conception  is  correct  the  fault  may  occur 
somewhat  as  follows:  Bacteria  and  their  insoluble  or  non-assimilable 
products  when  taken  into  the  phagocj'te  are  subjected  to  two  proce.s.ses, 
a  primary  bactericidal  and  coagulating  one,  and  then  a  more  leisurely 
Ij'tie  or  flisintegrating  action,  during  which  poisonous  products  are 
probably  liberate<l,  but  slowly  enough  to  \ye  taken  care  of  by  destroy- 
ing or  neutralizing  Ixtdies.  Even  if  the  leucocjle  dies,  it  is  usually  taken 
up  by  a  mononuclear  cell,  and  the  poisons  do  not  become  free  in  the 
fluids. 

These  are  some  of  the  problems  of  immunity,  particularly  those  re- 
lating to  the  microorgani.sms  which  are  harmful  to  the  animal  Ijody, 
not  so  much  through  their  ability  to  secrete  hannful  soluble  poisons,  as 
through  their  in.si.stently  invasive  character,  or  by  the  liberation  of  the 
toxic  products  resulting  from  the  destruction  of  their  secretions  or  of 
their  own  botlies.  It  is  the  disea.ses  caused  by  these  organisms  on  which 
the  attention  of  bacteriologists  is  now  chieflj'  centered. 

The  organisms  of  these  diseases  undoubtedly  Ix'long  to  two  or  more 
classes,  in  one  of  which  may  be  placed  the  tj^iical  septicemia  protlucers 
— anthrax,  pneumococcus,  streptococcus,  etc. — in  the  other  the  less  in- 
vasive organisms,  tj-pified  by  cholera  and  to  some  degree  by  typhoid. 
Between  these  two  extremes  there  are  all  grades. 

If  the  data  amas.s<Ml  in  the  study  of  these  tj'pes  of  microorganisms, 
and  of  the  processes  supposed  to  be  inv(jlveil  in  meeting  infection  and 
establishing  cure  and  immunity  from  them,  have  been  made  clear,  it 
may  l>e  easier  to  comprehend  some  of  the  problems  which  daily  face 
investigators  in  their  struggle  to  arri%'e  at  a  rational  method  of  biologic 
treatment,  and  to  reahze  more  fully,  in  the  light  of  this  knowledge,  \vliy 
disappointment  has  so  persistently  followed  in  the  wake  of  serum  therapy 
as  applied  to  these  infectious  diseases.  For,  in  spite  of  the  most  persi.st- 
ent  attempts  to  produce  curative  st^ra,  the  results  have  not  been  satis- 
factory and  have  not  Ittl,  except  in  rare  instances,  to  the  practical  use  of 
such  sera  in  the  treatment  of  disease  in  man. 
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The  sera,  thus  producfd,  have  not,  except  in  a  very  minor  way, 
been  antitoxic  in  the  usually  accepted  sense,  and  depend,  as  we  have 

seen,  probiiMy,  for  any  prtttwtivc  vhIup  (hoy  may  possess  slightly  on 
their  germicidal  and  htifteriolytic  powpr  and  largely  on  the  opsonins 
they  may  carry,  and  thus  facilitate  phagocytosis.  These  sera  are  ca- 
pable of  protecting  an  animal  from  an  infecting  organism,  when  mixed 
with  it  in  surprisingly  minute  quantities;  l)ut  consistent  curative  cfTects, 
other  than  merely  local,  has  been  definitely  determined  in  a  very  few 
instances  only. 

t)n  the  other  hand,  indeed,  test  and  experiment  have  shown  that 
animals  and  man  suffering  from  a  true  infection  may  and  often  do 
themselves  furnish  sera  capable  of  strong  bactericidal  and  bactcrioljlie 
action  (when  combined  with  normal  .sera  containing  complement),  and 
yet  in  spite  of  this,  they  succumb  or  may  be  subject  to  severe  relapses. 

In  the  light  of  these  and  other  facts  which  have  Ix'en  cited,  it  seem.s 
that  one  might  well  refrain  from  at  tempts  to  produce  beneficial  elTet^ts  by 
injecting  still  further  amount.s  of  bactcrioljiic  or  similar  bodies,  and  seek 
further  for  an  explanation  of  the  exact  methotis  and  processes  of  the 
cure  effected  in  those  animals  and  man  wlio  do  survive  an  infection. 

Failure  to  solve  these  problems  on  lines  hitherto  followetl  should  not 
discourage  us,  however,  while  we  know  that  animals  an<l  man  do  re- 
cover naturally  from  .such  infections.  The  conclusion  that  this  power 
must  reside  in  increased  digestive  and  neutralizing  or  poison-destroying 
powers  of  the  animal  organi.sms  can  not  well  l)e  avoided,  and  tht^se 
functituis  of  the  animal  mechanism  will  probably  be  founil  to  take  place 
largely  in  the  wandering  or  fixed  cells. 

The  animal  Ijody,  then,  ideally  protecte<l  in  the  time  of  bacterial  in- 
vasion, may  well  be  one  in  which  some  s<>t  of  cells — phagocytes — are 
immediately  ready  and  able  to  take  up  the  bacterial  invaders  and  de- 
stroy them,  and  witliin  their  own  Ixidies  to  neutralize  any  poisons  st-- 
creted  by  such  invaders  or  arising  from  their  destruction  l>y  digestion, 
and  this  without  serious  harm  to  the  ingesting  cells;  or — failing  this 
full  immunity  from  serious  harm — it  may  l^e  that  these  ingesting  cells 
are,  in  their  turn,  taken  up  and,  with  their  noxious  contents,  iligested  by 
other  scavenging  cells,  with  a  minimum  liljeration  of  the  substances 
which  could  injure  the  body  cells  dedicated  to  spe<!ia!ized  functions. 
The  whole  struggle  of  the  infected  organism  may  be  summed  up  as  a  con- 
flict between  the  leucocj'tes  and  the  germs,  and  that  it  is  an  attempt  to 
bring  the  invading  genns  within  the  leucocjles,  and  is  a  process  with 
which  the  system  at  large  often  has  httle  or  nothing  to  do,  except  as  an 
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innocent  and  injured  bystander,  and  that  pxtracdlular  destruction  of 
biR'teria  and  toxicogenic  bodies  is  an  untowanl  event  after  tiic  thorough 
establishment  of  infection  often  l(>ading  to  dire  consequences,  and 
depending  on  the  chance  occurrence  of  suitable  digestive  Iwdies  in  the 
senim  which  have  Ix'cn  thrown  otT  in  excess  from  the  cells,  antl  which 
may  thus  become  a  menace  to  the  system  at  large  by  liijcrating  poison- 
ous bodies  from  comparatively  harmless  compounds. 

Thus,  in  many  instances,  it  seems  we  are  prtjbably  dealing  with  an 
immunity,  a  largo  part  of  the  mechanism  of  which  is  intracellular,  not 
only  in  the  sense  of  phagocj-tosis  and  iligestion,  biU  in  the  neutralization 
or  destruction  of  poisons  which  arise  from  the  disintegration  of  the  bac- 
teria and  their  proflucts — a  mechanism  in  which  the  protecting  cells 
mvi«t  intervene  and,  largely  unaided  by  antitoxic  bodies  in  the  plasma, 
neutralize  or  destroy  within  themselves  the  poisonous  products  of  the  in- 
vading microorganisms. 

It  was  this  thought  which  suggested  the  idea  of  treating  infections 
with  the  extract  of  leucocytes,  and  thus  aiding  the  phagocytes  by 
furnishing  them  as  directly  as  possible  with  the  weapons  which  they 
use  in  their  fight  vnth  invading  microorganisms,  and  also  to  protect 
them  and  the  cells  of  specialized  function  from  destruction  and  give 
them  an  opportunity  to  recuperate  and  carry  on  successfully  their 
struggle  against  the  invading  germs. 

The  treatment  of  infections  with  vaccines  also  is  based  upon  the 
recognition  of  the  necessity  of  the  direct  intervention  of  phagocytes 
in  the  cure  of  certain  bacterial  diseases  and  is,  as  we  have  seen,  an 
endeavor  to  stimulate  the  production  of  substances  facilitating  the 
ingestion  of  the  organisms  by  the  plitigocytes. 

Finally,  it  must  W  remembered  that  while  animal  experiments  are 
neces.sarj'^,  and  often  extremely  instructive,  one  can,  nevertheless,  not 
always  argue  directly  from  these  to  occurrences  in  man.  An  injection 
ditteane  is  not  an  infediotm  diseaae,  and  we  are  dealing  usually  with  con- 
ditions in  man  which  are  at  least  not  entirely  analogous  to  artificial  in- 
fections in  animals.  Artificial  infections  iire  usually  accomplished  by  an 
abrupt  introdut^tion  of  a  large  quantity  of  infecting  gcnns  and  their 
protlucts;  the  animal  powers  of  resistance  are  often  immeiliately  and  se- 
verely taxed;  the  incubation  period  thus  artificially  shortened;  and  the 
germs  themselves,  being  present  in  large  nunliers,  are  not  sulijected  to 
such  a  searching  elimination  ;is  is  usually  the  ctise  with  the  few  organisms 
gaining  a  foothold  by  the  natural  channels  of  infection.  This  difference 
is  most  marked  in  septicemias,  in  which,  in  animal  experiments,  the  or- 


ganisms  have  been  introduced  directly  into  the  circulation  in  quantities 
sufficient  to  bring  about  a  very  rapid  poisoning  and  overwhelming  of  the 
animal,  with  probably  only  a  very  partial  adaptation  of  the  bacteria 
to  the  animal  agents  of  resistance.  On  tl«*  other  hand,  the  septicemic 
invasion  in  man  most  often  follows  the  adaptation  of  the  germs  in  some 
more  favorable  nitiufi,  and  probably  has  to  do  with  an  evolution  in  the 
bacterial  resistance  to  the  prot^-ctive  powers,  rather  than  a  decrease  in 
protective  strengt  h  on  the  part  of  man.  Indeed,  both  of  these  processes 
may  increa.se  hand  in  hand,  and  we  may  have  septicemias  extending  over 
weeks,  months,  and  even  years.  We  may  have,  in  fact,  an  "armed 
peace"  and  the  prepared  bact<'rial  army  is  not  to  be  routed  by  the 
application  of  means  which  under  otlier  circumstances  might  prove  effi- 
cacious, for  we  have  se«'n  how  the  bacteria  may  possibly  become  resi-st- 
ant  to  the  protective  agents  of  the  animal  l>ody,  and  may  continue  to 
survive  attacks  which  might  well  prove  fatal  to  less  well-adapted 
members  of  their  species.  .\n  px('c>llent  example  of  this  is  our  own 
recent  experience  with  the  treponema  pallidum  which  in  its  virulent 
condition  resists  serum  influences  which  strongly  agglutinate  the  culti- 
vated non-virulent  strains. 
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CH.APTER  XXI 

*rHE  STAPHYLOCOCX:!   (MICROCOCCI) 

The  power  to  incite  purulent  and  sero-purulent  inflammationa  and 
localized  abscesses  in  man  and  animals  is  possessed  by  a  large  variety  of 
pathogenic  bacteria.  Most  infections,  in  fact,  in  which  the  relative 
virulence  of  the  ineitant  and  the  resistance  of  the  infected  subject  are 
so  balanced  that  temporary  or  permanent  localiKatiun  of  the  infec- 
tious process  takes  place  are  apt  to  Ix;  accompanied  by  the  formation  of 
pus.  The  large  majority  of  acute  and  subacute  purulent  processes, 
however,  are  caused  by  the  members  of  a  well-tiefined  group  of  bacteria 
spoken  of  as  the  pyogenic  cocci.  Among  these,  pre-eminent  in  import- 
ance, are  the  "  staph i/lttcocci"  or  "tnurTococci." 

Many  of  the  earlier  investigators  of  surgical  infections  had  seen  small 
round  bodies  in  the  pus  discharged  from  abscesses  and  sinuses  and  had 
given  them  a  variety  of  names.  Careful  bacteriological  studies,  how- 
ever, were  not  made  until  1S79  and  the  years  inunediately  following, 
when  Koch,  Pasteur, Ogston,'  and  others  not  only  described  morphologi- 
cally, but  cultivated  the  cocci  from  surgical  lesions  of  animals  and  man. 
Of  fundamental  importance  are  the  studies  published  by  Rosenbach ' 
in  1884,  in  which  the  technical  methods  of  modern  bacteriology  were 
brought  to  bear  upon  this  subject  for  the  first  time.  The  group  of 
staphylococci — so  named  from  their  growth  in  irregular,  grape-like 
clusters — is  made  up  of  several  members,  by  far  the  most  important 
of  which,  pathologically,  is  the  Staphylococcus  pyogenes  aureus. 

tOgBltm,  Brit.  Med.  Jour.,  18J)1. 

^Rotenbach,  "Microorganismen  hei  Wundinfektion."  1884. 
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STAFHTLOOOOOnS  PTOOENES  AUREUS 

Morphology  and  Staining. — This  microorganism,  the  most  frequent 
cause  of  abscesses,  boils,  and  muny  surgieal  suppuiiitions,  is  a  spherical 
coeciM  having  an  average  rliameter  of  about  0.8  niiera,  but  varj'ing 
within  the  extreme  limits  of  0.4  to  1.2  micra.  Any  eonsiderable  variation 
from  the  average  size,  liowcver,  is  rare.  The  jxTfectly  spherical  charac- 
ter may  not  develop,  whenever,  as  is  usually  the  case,  two  or  more  are 

'"»1M?  ^t>.».    >W 

Fia.  89. — Staphtloooccob  prooENKs  aukbus.    (After  OOnther.) 

grouped  together,  unseparated  after  cell  cleavage.  In  this  case,  adjacent 
cocci  are  slightly  flattened  along  their  contiguous  surfaces. 

Examined  in  smears  from  cultures  or  pus,  the  staphylococci  may 
appear  as  single  individuals,  in  pairs,  or,  most  frequently,  in  irregular 
grape-like  clusters.  Occasionally,  short  chaias  of  three  or  four  may  be 
seen.  In  very  young  cidtures  in  fluid  media,  the  diplococcus  form  may 
predominate. 

The  staphylococci  stain  with  all  the  usual  basic  aqueous  anilin  dyes, 
and,  less  intensely,  with  some  of  the  acid  dyes.  Stained  by  the  method 
of  drain,  they  retain  the  aiiiiin-gentian-violet.  Gram's  method  of 
staining  is  excellently  adapted  for  demonstration  of  these  cocci  in 
tissue  sections. 
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Although  exhibiting  marked  Brownian  movements  in  the  hanging 
'drop,  staphylorocci  arc  non-iuolile  aiiil  possess  no  flagella.     They  are 
non-sporogenoiis  and  fonn  no  pap.siiles. 

'Oultoral  Characters.— Staphylococci  grow  readily  upon  the  usual 
laboratory-  media.  The  sinipkvr  media,  made  of  meat  extract,  arc  quite 
as  efihcient  for  their  cultivation  as  arc  the  frc.'ihly  made  meat-infusion 


Fig.  70. — Staphylococcus  Colonies 

products.  The  optimum  temperature  for  staphylococcu.s  cultivation 
ties  at  or  about  30°  C,  though  growth  readily  takes  place  at  tempera- 
tures as  low  as  15°  C,  and  sis  high  as  40°  C.  Slow  but  definite  growth 
has  been  observed  at  a  temperature  as  low  as  10°  C. 

While  development  is  most  characteristic  and  luxuriant  under 
aerobic  conditions,  staphylococci  are  facultatively  anaerobic  on  suitable 
media.     They  grow  rc;adily  in  an  atmosphere  of  hydrogen. 
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As  to  the  reaction  of  media,  staphylococcus  tlevolopa  most  favorably 
upon  those  having  a  slightly  nlkaliuo  titer.  Moderately  increased 
alkalinity  or  even  moderate  acidity  of  media  does  not  inhibit  growth. 

On  gelatin  plates,  growth  occurs  i-cadJly  at  roonv  temperature,  form- 
ing within  thirty-six  to  forty-eight  hours,  small,  shining,  pin-head 
shaped  colonies,  appearing,  at  first,  grayish-white,  and  later  a-ssuraing  a 
yellowish  hue,  which  intensifies  into  a  light  brown  and  often  a  bronze 
color  as  the  colony  grows  older.  The  intensity  of  the  color  differs  con- 
siderably in  different  races  of  staphylococci.  Liquefaction  of  the  gelatin 
occurs,  and,  shallow,  saucer-shapetl  deprcssioua  are  formed  about  the 
colonii-s  after  forty-eight  houi-s  or  more.  These  zones  of  fluidificatiou 
grow  larger  as  the  colonics  grow,  finally  becoming  confluent.  Micro- 
scopically, the  colonies  themselves,  before  liquefaction  has  destroyed 
their  outline,  are  round,  rather  finely  granular,  with  smooth  edges. 
They  are  not  flat,  but  rise  from  the  surface  of  the  medium  as  the  seg- 
ment of  a  sphere.  In  (lelatin  sUtb  cultures  in  tulx-s,  Huidification  leads 
to  the  fonnation  of  a  funnel-shaped  depression,  with,  finally,  complete 
liquefaction  of  the  medmm  and  sedimentation  of  the  bacteria.  Lique- 
faction of  gelatin  by  the  staphylococcus  is  due  to  a  fennent-like  liody 
elaborated  by  it,  which  is  siK)ken  of  as  "gelatinase."  This  substance 
can  be  obtained  apart  from  the  cocci  by  the  filtration  of  cultures.'  If 
is  an  extremely  thermolnbile  IkkIv. 

On  agar  plates  the  characteristics  of  the  growth,  barring  liquefaction, 
are  much  like  those  on  gelatin.  Colonies  do  not  show  a  tendency  toward 
confluence,  remaining  discrete,  ami  show  a  rather  remarkable  differ- 
ence in  the  size  of  the  colonies  occurring  upon  the  same  plate.  Upon 
slanted  agar  in  tubes,  rapid  growth  occurs,  at  first  grayish- white,  but 
soon  covering  the  surface  of  the  slant  as  a  glistening,  golden-brown 
layer. 

In  broth,  growth  is  rapid,  lemling  to  a  general,  even  clouding  of  the 
medium,  and  giving  rise,  after  forty-eight  or  more  hours,  to  the  formation 
of  a  thin  surface  peUicle.  .Vs  growth  increases,  the  bacteria  sink  to  the 
bottom,  forming  a  heavy,  mucoid  scKliment.  The  odor  of  old  cultures 
is  often  pecuHarly  acriil,  not  unhko  weak  butyric  acid. 

In  milk,  staphylococcus  caust-s  coag\dalion  usually  within  three  or 
four  days,  with  the  fonnation  of  lactic  and  butyric  acids. 

On  potato,  growth  is  abundant,  rather  dry  and  usually  deeply  pig- 
mented. 
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rUf)on  coagulated  animal  sera,  rapid  growth  takfs  place  and  eventually 
slight  liquefaction  of  the  medium  is  saitl  to  occur. 
In  nitrate  solutions,  reduction  of  the  nitrates  to  nitrites  is  caused. 
In  Dunham's  broth,  indol  h  fomied. 
In  media  containing  the  carbohydrates — tlextro^,  lactose,  or  sac- 
charoae — acidification  takes  place  with  the  fonnation  chiefly  of  lac- 
tic, butyric,  and  formic  acid.s.    There  is  no  gas  formation,  however. 
In    proteid    media   free    from    sugars,   the   staphylococcus    produces 
alkaU. 
The  reducing  action  of  staphylococcus  is  shown  by  decolorization 
in  cultures  of  litmus,  methylene-blue,  and  rosanilin.' 
Pigment  Ponnktion. — Differentiation  between  the  various  members 
of  the  staphylococcus  group  is  ba-st^d  largely  upon  the  fonnation  of 
pigments.     These  pigments,  so  far  as  we  know,  seem  to  be  species 
characteristics.     Thus,  Staphylococcus  pyogenes  aureus  is  recognized 
primarily  by  its  production  of  a  yellowish-brown  pigment,  varying  in 
^^     different  strains  from  a  pale  brown  hue  to  a  deep  golden  yellow.     Pro- 
^f     longed  cultivation  upon  artificial  media  may  lead  in  a  diminution  in  the 
depth  of  color  produceil.'     It  appears  only  when  cultivation  is  carried 
on  under  freely  aerobic  conditions,  anaerobic  cultivation  resulting  in 

Iunpigmented  colonies.  The  coloring  matter  is  in.soluble  in  water  but 
Boluble  in  alcohol,  chloroform,  ether,  and  benzol.'  According  to  Schnei- 
der,* the  pigment  belongs  to  the  class  of  "  lifHjchromes ''  or  fatty  pig- 
ments, and  is  probably  composed  of  carbon,  oxygen,  and  hydrogen, 
without  nitrogen.  Treatment  with  concentrated  sulphuric  acid  changes 
it  to  u  green  or  green ish-blue.° 

Besiataace. — Although  not  spore  formers,  staphylococci  are   more 
resistant  to  heat  than  many  other  purely  vegetative  forms.     The  tnermal 
death  point  given  for  Staphylococcus  pyogenes  aureus  by  Sternljerg* 
J  lies  l^etween  56°  and  58°  C,  the  time  of  exposure  being  ten  minutes. 

^H      The  same  author  states  that,  when  in  a  completely  dried  state,  the  coccus 
j^"      is  still  more  resistant,  a  temperature  of  from  90°  to  1()0°C.  I>eing  re- 
quired for  its  destruction.     Against  low  temperatures,  staphylococci  are 
extremely  resistant,  repeated  freezing  often  failing  to  sterilize  cultures. 


■  Fr.  MuUer,  Cent.  f.  Bakt.,  xx\i,  1899. 

»  FlUgge^  "  Die  Microorg.,"  etc. 

'Migula,  "System  A.  Bakt.,"  Jena,  1897. 

>  Srhnei/ier,  Art>.  R.  d.  bakt.  Inst.,  Karlsniho,  1,  vol.  I,  1894. 

•  FitehfT.  "  Vorlea.     l>er  die  Bakt.,"  Jeiin.  IWIH. 

'Slembrrg.  "Texlhook,"  etc.,  N.  Y.,  IWH,  p.  375. 
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Desiccation  is  usually  well  borne,  staphylococci  remaining  alive  for 
six  to  fourteen  weeks  when  tiried  upon  paper  or  cloth.'  On  slant  agar, 
staphylococci  may  be  safely  left  for  three  or  four  months  without  trans- 
plantation, an<l  remain  ahve.' 

The  resist  an«e  of  staphylococci  to  chemicals,  a  question  of  great 
surgical  importance,  has  been  made  the  subject  of  extensive  researches, 
notably  by  Liibliert.'  Abbott,'  Franzott,^  and  many  others.  According 
to  Liibbert,  inhibition  of  staphylococcus  growth  is  attained  l)y  the  use  of 
boric  acid  1  in  327,  salicylic  acid  1  in  (J5C),  corrosive  sublimate  1  in 
80,000.  carbolic  acid  1  in  SW),  thymol  1  in  ll.OfW.  Staphylococci  are 
killed  by  corn).><ive  sulilimate  1  in  LtMH)  in  ten  minutes,  by  carbolic  acid 
1  per  cent  in  35  minutes,  3  per  cent  in  2  minutes  (Franzott).  Ethyl 
alcohol,"  even  when  absolute,  is  not  very  efficient  as  a  disinfectant. 
N.iscent  iodin.  fis  split  off  from  iodoform  in  wovmds,  is  extremely  power- 
ful in  destroying  staphylococci. 

Pathogenicity, ^Separate  strains  of  Staphylococcus  pyogenes  aureus 
show  wide  variatiou.s  in  relative  virulence.  The  most  highly  virulent 
are  usually  those  recently  isolated  from  human  suppurative  lesioas, 
but  no  definite  rule  can  be  formulated  in  this  respect.  The  virulence 
of  a  given  strain,  furthermore,  may  be  occasionally  enhanced  by  re- 
peated passages  through  the  body  of  a  susceptible  animal.  Prolonged 
cultivation  upon  artificial  media  it*  liable  to  tlccrea.se  the  virulence  of  any 
given  strain,  though  this  is  not  regularly  the  cstse.  There  arc,  more- 
.over,  unquestionably,  many  staphylococci  constantly  present  in  the  air, 
dust,  and  water,  which  althougli  morphologically  and  culturally  not 
unlike  the  patfiogenically  important  species,  may  be  regarded  as 
harnde^s  saprophytes. 

The  susceptibility  of  animals  to  staphylococcus  infection  is, 
likewise,  subject  to  extreme  variations,  deperuling  both  ufwn  difTer- 
encea  between  species  and  upon  fortuitous  in<Uvidual  differences 
in  susceptilulity  among  animals  within  the  same  species.  Animals 
on  the  whole  are  less  susceptible  to  staphylococcus  than  is  man. 
Among  the  ordinary  lalwratory  animals,  rabbits  are  most  sus- 
ceptible  to    this  microorganism.      Mice,   and   especially    the    white 
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•  Detlongchamps,  Pari.s,  1897. 
*Pa»»et,  Fort.  d.  .Mel.,  2  iimi  .3.  18.S5. 
*LubbeH,  "Biol.  Unt«rsuch.,"  WUnsburg,  1886. 
*AhboU,  Medical  News,  Pliila.,  1886. 

*  Franzott,  Zeit.  f.  Hyg.,  1893. 
*Hantl,  Beit.  z.  kiln.  Chir.,  xxvL 
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Japanese  mice,  show  considerable  susceptibility.  Guinea-pigs  possess 
a  relatively  higher  resistance.' 

Subcutaner)us  or  intramuscular  inoculation  of  a  susceptible  animal 
usually  results  in  the  formation  of  a  localized  abscess  with  much  pus 
formation  and  eventual  recovery.  Intraperitoneal  inoculation  is  more 
often  fatal.  Intravenous  inoculation  of  tloses  of  0.5  c.c,  or  more,  of 
fresh  broth  cultures  of  virulent  staphylococci  usually  leads  to  pyemia 
with  the  production  of  secondary  abscesses,  locatcti  chiefly  in  the  kid- 
neys and  the  heart  and  voluntarj'  muscles,  but  not  infrequently  in 
other  organs  as  well.  In  the  kidney  they  occur  as  small  foci,  situated 
most  often  in  the  cortex,  composed  of  a  central,  necrotic  pus  cavity, 
surrounded  liy  a  zone  of  acute  influnnnatory  exutiatiun.  Staphylo- 
coccus lesions  form  histologically  the  typical  "acute  abscess."  Not 
infrequently  the  pyemic  condition  is  accompanied  by  suppurative 
lesions  in  the  joints.  Intravenous  injection.-i  of  virulent  staphylococci 
preceded  by  injui-y  to  a  bone  is  often  followed  by  the  development  of 
osteomyelitis.  Mechanical  or  chemical  injury  of  the  heart  valves 
precetling  intravascular  staphylucnccus  inoculation  may  result  in 
localization  of  the  infection  on  or  about  the  heart  valves,  leading 
to  "malignant  endocarilitis."  The  jjyeniic  conditions  following  staphy- 
lococcus inoculation  usually  lead  to  chronic  emaciation  ami  deatli 
after  an  inter\'al  dependent  upon  the  relative  virulence  of  the  micro- 
organism, the  amount  injected,  anil  the  resistance  of  the  infected 
subject.  Large  doses  of  unusually  virulent  cultures  cause  death  within 
twenty-four  hours,  or  even  leas,  without  abscess  formation. 

As  alxjve  stated,  the  susceptibility  of  man  to  .ipontaneous  staphy- 
lococcus infection  is  decidedly  more  marked  than  is  that  of  animals. 
The  form  of  infection  most  frequently  observed  is  the  common  boil 
or  furuncle.  As  Garn'-,'  Biidinger,^  Schimmellnisch,''  and  others  have 
demonstrated  by  exjx;riments  upon  their  own  bodies,  energetic  rubbing 
of  the  skin  with  virulent  staphyliicoccu.s  cultures  may  often  be  followed 
by  the  development  of  a  furuncle.  Subcutaneous  inoculation  of  the 
human  subject  invariably  gives  rise  to  an  abscess.  The  ]>athologifal 
lesions  which  may  be  produced  in  man  by  virulent  staphylococci  are 
naturally  of  great  variety,  depending  upon  the  mode  of  inoculation,  and 


'  Terin,  Ref.  in  Luharecli  und  Ostertag,  Ergcbnisse,  1896;  LingeUheim,  "Aetiol. 
d.  Staph.  Inf.."  etc.,  VVien.  I90O. 

'Garrf,  Beit.  z.  kiiii.  Chir.,  x,  1893. 

•  Biiilinger,  Lubarsch  und  Ostertag,  ErgebnisBC,  etc.,  1896. 

'Schimnwlbunch,  lift,  by  Budinger. 
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upon  the  relation  between  the  virulence  of  the  incitant  and  the  resist- 
ance of  the  subject.  Apart  trom  the  formation  of  localized  abscesses, 
staphylococci  are  common  as  the  incitants  of  surgical  suppurations 
and  wntiTul  infeotionH.  The  large  majority  of  acute  suppurative  in- 
flammations of  bone  (osteomyelitis)  arc  causetl  by  staphyiwocci.  Ab- 
scesses of  the  brain,  of  the  liver,  and  of  the  lung  may  be  due  to  this 
microorganiMtii.  It  may  give  rise  to  ascending  infei.'tinns  of  the  genito- 
urinary tract,  leading  to  pyelonephritis.  Empyema  or  peritonitis  may 
be  caused  by  its  entrance  into  the  serous  cavities  from  the  lung  or 
bowel.  When  gaining  access  to  the  cirrulati(m  from  some  localized 
focus,  it  gives  rise  to  septicemia  and  may  lead  to  malignant  endocarditis 
and,  by  secondary  localization  in  the  viscera,  to  general  pyemia.  As 
the  incitant  of  septicemia  it  can  frequently  be  found  by  blotnl  culture 
during  the  life  of  the  patient.  Puerperal  sepsis  is  not  infrequently  a 
staphylococcus  disease.  Of  recent  years  several  authors  have  claimed 
direct  etiological  relationship  for  the  Staphylococcus  pyogenes  aureus 
with  acute  articular  rheumatism.'  While  not  unlikely,  this  claim  is 
not,  at  present,  substantiate<l  by  sufficiently  exact  evidence. 

Apart  from  the  local  inflammatory  reactions  called  forth  In' 
staphylococcus  invasion,  all  such  infetvtions,  if  severe  or  prolongetl, 
give  rise  to  profound  toxic  manifestations  evidenced  by  characteris- 
tically irregular  temperature  (the  so-called  "septic  type"),  by  head- 
ache, nausea,  and  general  malaise,  and  not  infrequently  by  chills. 
Prolonged  chronic  infection  with  staphylococci  may  give  rise  to  the 
so-called  amyloid  changes  in  liver,  -spleen,  and  kidneys. 

Toxic  Products. — Endoloxim. — The  dead  botlics  of  staphylococci 
injected  into  animals  may  occasionally  give  rise  to  abscess  formation, 
and,'  if  in  sufficient  quantity,  niiiy  cause  death.  To  obtain  the  latter 
result,  however,  large  quantities  are  necessani',  the  endotoxin  sukstances 
within  the  dead  cell  body  of  these  microorganisms  lieing  probably  neither 
very  poisonous  nor  abundant.' 

That  dead  cultur&><  of  .Slaivhylncoccus  aureus  exert  a  strong  po«itive 
chemotaxis  for  leucocytes  was  shown  l)eyoiid  question  by  the  experi- 
ments of  Borissow.* 

Hemolysins. — In    1900    Kraus'  noticed    the    hemolytic    action    of 
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•  A.  H.  Wei*.  Inaug.-Diss.,  Berlin,  1901. 
'SchaUen/roh,  Areh.  f.  Hyg.,  xxxi,  1887. 

<e.  Lingtl*hHm,  "  Actiol.  u.  Therap.  d.  Staph.  Krank.,"  Wien,  1900. 

*  Boriatow  Zieglers  Bcitr.,  xvi,  1894. 
»Kn»u,  Wicn.  klin.  Woch.,  iii,  1900. 
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staphylococci  growing  upon  blood-agar  plate  cultures.  Neisser  and 
Wechsbcrg '  then  sViowcd  that  this  ht-mulytir  substance,  socrotedbythe 
staphylocwcus,  could  be  demonstratcHJ  in  filtrates  of  bouillon  cultures. 
Such  hemolysins  are  produced  by  Staphylococcus  aureu.s,  antl,  to  a 
lesser  degree,  by  Staphylococcus  albus.  The  quantity  produced  varies 
enormously  with  different  strains  and  seems  to  b;.'  rfiughh'  propnirtionate 
to  the  virulence  of  the  particular  microorganism,  though  exceptions  to 
this  rule  are  not  uncommon.  Absolutely  avirulent  races  do  not,  so 
far  as  we  know,  produce  hemolysins.  The  culture  medium  most  favor- 
able to  the  formation  of  these  substances  is,  according  to  Nei-sscr  and 
Wechsberg,  a  niodcratt'ly  alkaline  beef  bouillon.  Cultivated  at  .37.5°  C, 
the  bouillon  contains  the  maximum  amount  of  hemolytic  substance  be- 
tween the  eighth  and  fourteenth  day,  and  this  may  be  separated  from 
the  bacteria  by  filtration  through  Berknfeld  or  Chandierland  filterhi. 

The  hemolytic  action  may  be  ob.served  by  the  general  techniejue  for 
determining  hemolysis  (given  on  page  259).  It  is  important  to  wash 
the  red  blood  corpuscles  used  for  the  experiments,  since  many  animals 
normally  possess  small  quantities  of  antiliemolysin  in  their  blood-sera 
(man  and  horse  especially) .'  The  red  blood  corpuscles  of  rabbits,  dogs, 
and  guinea-pigs  are  cxtnMuely  susceptible  to  the  action  of  the  staphylo- 
hemolysin.  Those  of  man  are  less  easily  injured  by  it.  The  hemolytic 
action  takes  place,  as  Todd*  and  others '  have  shown,  not  only  in 
mtro,  but  in  the  living  animal  as  well. 

The  staphylo-hemolysin  is  comparatively  themiolabile.  According 
to  Neisser  and  Wechsberg,  heating  it  to  56°  C.  for  twenty  minutes  de- 
stroys it.  According  to  some  other  authors,  however,  higher  tempera- 
tures (00°  to  80°  C.)  arc  required.  Reactivation  of  a  destroyed. staphylo- 
hemolysin  has  so  far  been  unsuccessful.  The  fact  that  antistaphylolysin 
is  occasionally  present  in  noniial  sera  has  been  mentioned  above.  This 
antibody  is  mo.st  abundant  in  the  blood  of  horses  and  of  man.  Arti- 
ficially antistaphylolysin  formation  is  easily  induced  by  subcutaneous 
inoculation  of  staphyloly.sin  into  rabbits. 

LeucncuHn. — In  l.S'.)4,  Van  de  Velde°  discovered  that  the  pleural 
exudate  of  rabbits  following  the  injection  of  virulent  staphylococci 
showed  marked  evidences  of  leucoc3rte  destruction.     He   was  subse- 


'  Neistrr  unci  WecMierg,  Zeit.  f.  Hyg.,  xxxvi,  1901. 
«.Vn>«T,  Deiil.  mod.  VVoch.,  1900. 
»T«W,  Trans.  Loiulon  Path.  .Soe.,  1U02. 
•AVniM,  Wicn.  klin.  Woch..  1!H)2. 
»  Van  de  Vcltlc.  Lu  (.'clluio,  x,  18'Jl 
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qucntly  able  to  show  that  the  substance  causing  the  death  and  partial 
solution  of  the  leucocytes  was  a  soluble  toxin  fonned  by  the  staphylo- 
coccus, not  only  "in  vivo,  but  in  \nlro  as  well;  for  cultures  of  Staphylo- 
coccus pyogenes  aureus,  grown  in  mixtures  of  bouillon  and  blood 
serum,  contained,  within  forty-eight  hours,  marked  quantities  of  this 
''leueocidin." 

Other  workers  since  Van  dc  Veldc  have  evolved  various  methods  for 
obtaining  potent  leueocidin.  Bail*  obtained  it  by  growing  virulent 
Hl;i[)hylococcu8  in  mixtures  of  onoper-cent  glycerin  solutions  and  ral)- 
b  t  seruui.  Neisscr  and  Wechsberg'  advise  the  use  of  a  can-fully  titratc<l 
alkaline  bouillon.  To  obtain  the  leueocidin  free  from  bacteria,  the 
cultures  are  pa^^.'^ed  through  Chanibcrland  or  Berkefeld  filters,  ■  after 
about  eight  to  eleven  days'  growth  at  :17°  C,  at  vvliieh  time  the  con- 
tents in  leueocidin  are  usually  at  their  highest  point. 

The  action  of  leucoeidin  u]»oii  leucocytes  may  bo  observed  in  rivo 
by  the  simple  method  of  Van  dc  Veldo,  of  injecting  virulent  staphylo- 
cocci intrapleurally  into  rabbits  and  examining  the  exudate.  Hail 
advises  the  ()rf"hietion  of  leucocytic  inti-apleural  exudates  by  the  use 
of  aleuronat  and  following  this  after  twenty-four  hours  by  an  injection 
of  leucocidin-filtrate.  In  vUro  the  phenomenon  may  be  observed  by 
din-ct  exaniiuation  of  mixtures  of  leucocytes  and  leueocidin  in  the 
hanging  drop  on  a  warmed  stage,  or  by  the  " methylene-blue  method" 
of  Ncisser  and  Wechsberg.  This  method  is  based  upon  the  fact  that 
living  leucocytes  will  reduce  methylene-blue  solutions  and  render  thorn 
colorless,  while  dead  leucocytes  have  lost  this  power.  Leueocidin  and 
leucocytes  are  allowed  to  remain  in  contact  for  a  given  time  and  to  them 
is  then  added  an  extremely  dilute  solution  of  nu'thylene-biue.  If  the 
leucoej'tea  have  been  actively  attacked  by  leueocidin,  no  reduction  takes 
place.    This  method  is  particularly  adapted  for  tiuantitativc  tests. 

.\11  staphylococcus  strains  do  not  product!  leucoeidin  to  the  .same 
degree.  Almost  all  true  Staphylococcus  pyogenes  aureus  cultures 
produce  some  of  this  toxin,  but  one  strain  may  produce  fifty-  and  a 
hundred-fold  the  quantity  produced  V)y  another.  Sta.ihylocoecus 
pyogenes  albus  gives  rise  to  this  substance  but  rarely,  and  then  in  small 
quantity, 

Leucoeidin  seems  to  be  similar  to  the  soluble  toxins  of  other  bact^'ria. 
It  is  rapidly  destroyed  by  heat  at  58°  C,  and  deteriorates  quickly  iu 
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•Bat7,  Arch.  f.  Hyj?..  xxxii,  1898. 

'Neiiaer  und  WccJuibery,  Zeit.  f.  Hyg.,  xrxvi,  1901. 
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culture  fluids  at  incubator  temperatures.  It  is  distinct  from  staphylo- 
hemolysin  as  shovsii  by  differences  in  thennostability. 

Soon  after  Van  de  Veltie's  discovery  of  leucociilin,  Dcnys  and  Van 
de  Velde  *■  produced  an  aiitileucocidin  liy  treating  rabbits  with  pleural 
exxidate  containing  leucoeidin.  Neiss<'r  and  Wecbsiierg  ''  later  confimied 
these  results  and  showefl  that  among  staphylococci,  leucoeidin  is  not 
specific,  the  toxin  of  all  strains  of  Staphylococcus  aureus  and  albus 
examined  being  neutralizable  by  the  same  antileucocidin.  Antileuco- 
cidin  is  often  found  in  the  normal  sera  of  horses  and  man.' 

Leucoeidin  .should  not  be  confounded  with  "leucotoxin,"  a  substance 
obtained  in  .serum  by  treatment  of  animals  witli  Jeucocytcs,  a  true 
"cytotoxin,"  having  no  connection  whatever  with  the  staphylococcus. 

Staphylococci,  besides  the  toxic  substances  already  mentioned,  give 
ri.se  to  gelatinase,  spoken  of  in  the  section  upon  cultivation,  and  to  a 
protoolj'tic  ferment  by  means  of  %vhich  albuminous  media  (Ijoeffler'a 
serum)  may  be  slightly  digested. 

Immunization. — Animals  can  be  renderetl  actively  immune  by  re- 
peated inoculations  with  carefuUj'  graded  doses  of  living  or  dead  staphy- 
lococcus cidtures.''  The  proiluction  of  antistaphylolysin  and  of  anti- 
leucocidin in  tlie  sera  of  animals  so  treated,  luus  been  alluded  to  in  the 
preceding  sections.  The  sera  of  such  actively  immunised  animals 
possess  distinct  protective  power  when  administered  to  other  animals, 
slightly  b<»fore  or  at  the  same  time  with  an  inoculation  of  staphylo- 
cocci. They  do  not,  however,  exliiliit  very  high  bactericidal  power  in 
vUro,  tlie  protective  properties  depending  probably  entirely  upon  their 
opsonic  contents.' 

Agglutinins  have  Ijeen  demonstrated  in  staphylococcus  immune  sera 
by  a  number  of  authors,  and  have  licen  of  some  slight  value  in  differ- 
entiating between  the  several  groups  of  staphylococci."  A  rather  sur- 
prising result  of  these  researches  has  l>een  tlie  recognition  that  immune 
sera  obtained  with  patliogenic  staphylococci  will  agglutinate  other 
pathogenic  staphylococci,  whether  lx>langing  to  the  group  of  Staphy- 
lococcus pvogenes  aureus  or  that  of  Staphylococcus  pyogenes  albus, 


•  Dmva  et  Van  de  VeUe,  La  Cellule,  xi,  1S95. 
'  Loc.  cit. 
»  Vnn  de  Vehle,  Prcese  m&licale,  i,  1900. 

•  Richl  et  Hcricourt,  Compt.  rend,  ite  I'acad.  des  sci.,  cvii,  1888. 
»  KoUe  und  Otto,  Zeit.  f.  Hyg.,  xli,  1902. 

•  Proaeher,  Cent.  f.  Bakt.,  xxxiv,  1903;  v.  Lingeltheim,  " Aetiol.  u.  Therap.  d. 
SUphyL,"  etc.,  Wien,  1900. 
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but  will   not    agglutinate  any  of  the    non-pathogenic    members    of 
either  group. ' 

Active  iininutiization  of  luiman  beings  suffering  from  staphylococcus 
infectioiia  has  been  extensively  practiced  by  Wright,  in  connection  with 
his  work  on  opsonins.  There  can  be  no  question  about  the  fact  that  the 
opsonic  substances  in  the  blood  are  iiK-retused  by  the  injection  of  dead 
staphylococci.  The  procedure  L<  of  therapeutic  value  in  subacute  and 
chronic  cases.  The  work  of  Hiss  on  the  use  of  leucocyte  extracts  in 
animals  infected  with  Staphjlococcus  pyogenes  aureus  has  given  en- 
couragement for  such  treatment  in  human  b«Mngs.  .\  luimber  of 
staphylococcus  infections  in  man  have  been  successfully  treated  with 
leucocyte  extract  by  Hiss  and  Zinsser. 

STAPHTLOCOCCnS  PYOGENES  ALBUS 

This  coccus  differs  from  Staphylococcus  pyogenes  aureus  simply  in 
the  absence  of  the  golden  yellow  coloration  of  its  cultures.  Morpho- 
logically, culturally,  and  patliofteuically.  it  is  in  every  way  identical 
with  the  staphylococcus  descril>ed  in  the  preceding  section,  but  its 
toxin-  and  enzyme-producing  powers  in  general  are  less  developed  than 
those  of  the  aureus  variety.  Its  close  biological  relationship  to  aureus 
is  furthermore  demonstrated  by  its  agglutination  in  Staphylococcus 
pyogenes  aureus  immune  sera. 

STAPHTLOCOOCUS  EPIDERMIDIS  ALBUS 

The  Staphylococcus  epidermidis  albus  described  by  Welch  is  merely 
one  of  the  non-pathogenic  varieties  of  Staphylococcus  pyogenes  albus 
and  pos.sibty  iloes  not  deserve  separat*  classification.  It  may  give  rise 
to  unimportant  stitch  abscesses. 


{ 


STAPHYLOCOCCUS  PYOGENES  CITREU8 

Staphylococcus  pyogenes  citreiis  produces  a  bright  yellow  or  lemon- 
colored  pigment  of  distinctly  different  hue  from  that  of  Staphylococcus 
pyogenes  aureus.  It  may  l)e  pj'ogenic  and  in  every  way  similar  to 
Staphylococcus  pyogenes  aureus,  but  is  less  often  founil  in  con- 
nection with  pathological  lesions  than  either  of  the  prece<ling  staphy- 
lococci. 


STAPHYLOCOCCUS,  PYOGENES    CITREUS 

A  large  number  of  staphylococci,  differing  from  those  described 
above  in  one  or  another  detail,  have  \>een  ofjserved.  They  are  of  com- 
mon occurrence  and  are  met  with  chiefly  as  contaminations  in  the  coursse 
of  bacteriological  work.  Few  of  these  have  any  pathological  significance 
and  none  of  them  are  toxin-producei's,  so  far  as  we  know.  Many  of  them 
differ,  furthermore,  in  their  inability  to  liquefy  gelatin.  All  of  them 
lieiong  more  strictly  to  the  field  of  botany  than  to  that  of  patho- 
logical bacteriologj'.  . 

Atypical  pathogenic  staphylococci  have  been  describeii  by  a  number 
of  observers.  Thus  Weichselbaum  *  isolated  a  staphylococcus  from  a 
case  of  malignant  endocarditis  which  could  not  be  cultivated  at  room 
temperature,  and  gjew  only  in  very  delicate  colonies.  Veillon,'  moreover, 
has  descrilied  a  strictly  anaerobic  staphylococcus  cultivated  from  the 
pus  of  an  intra-abdominal  abscess. 
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In  1881,  Gaffky  '  discovered  a  micrococcus  which  occurs  regularly 
in  groups  of  four  or  tetrads.  He  first  isolated  it  from  the  pus  discharged 
by  tuberculous  patients  with  pulmonary  lesions.  Observed  in  smear 
preparations  from  pus,  the  tetrads  arc  slightly  larger  in  size  than  the 
ordinary  staphylococcus,  flattened  along  their  adjacent  surfaces,  and 
surrounded  by  a  thick  halo-like  capsule.  Preparations  from  cultures 
often  lack  these  capsules.  The  micrococcus  is  easily  stained  by  the 
usual  basic  anilin  dyes.  Stained  by  Gram's  method,  it  is  not  decolor- 
izeti.  retaining  the  gentian-violet. 

Cultivation, — .Micrococcus  tctragenus  grows  on  the  ordinary  labora- 
tor)'  media,  showing  a  rather  more  delicate  growth  than  do  the  staphy- 
lococci. 

On  agar,  the  colonies  are  at  first  transparent,  later  they  become 
grayish-white,  but  are  always  more  transparent  than  are  staphylococcus 
cultures. 

On  gelatin,  growth  is  rather  slow  and  no  liquefaction  takes  place. 

Broth  is  evenlj'  clouded. 

On  potato  there  is  a  white,  moist  growth  which  shows  a  tendency  to 
confluence. 

'  Wmehaelbnutn.  BaiimKarten  .lahresb.,  1899.  Ref. 
»  Vrillon.  Compt.  rend.  soc.  de  hio!.,  1893. 
'Gaffky,  .Mitt«il.  a.  d.  kum.  Gesundhettsamt,  i,  1831. 
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Milk  is  coagulated  and  litmus  milk  intlicates  acid  formation. 

Pathog^enicity. — Micrococcus  tetragenus  is  especially  pathogenic 
for  Japanese  mice,  which  succumb  within  three  or  four  days  to  subcuta- 
neous inoculation.'  Gray  mice,  rats,  guinea-pigs,  and  rabbits  are  less 
susceptible,  showing  only  a  localized  reaction  at  the  point  of  inoculation. 


-MiCUOCOCCLS  'iLTHACE.NLd.       (.Ill  SJjlwU  of  lulct-lotl  moUSB.) 

The  organism  has  occasionally  been  isolated  from  spontaneous  abscesses 
observed  in  domestic  animals. 

In  man,  this  microorganism  is  usually  found  without  anj'  particular 
pathogenic  significance,  in  sputum  or  saliva.  In  isolated  cases,  how- 
ever, it  has  been  described  as  the  sole  incitant  of  abscesses. 

Bezangon  *  hfis  isolated  Micrococcus  tetragenus  from  a  case  of  menin- 
gitis. A  single  case  of  t«tragenus  septicemia  is  on  record,  reported  in 
1905  by  Forneaca.' 

In  America,  this  microorganism  has  not  been  frequently  observed  in 
connection  with  disease.  It  is  often  found,  however,  in  considerable 
numbers,  in  smears  of  sputum  which  are  being  examine*!  for  pneumo- 
cocci  or  tubercle  bacilli. 


"  MuUer,  Wien.  klin.  Woch.,  17,  1904. 
'  Bezanfon,  Semaine  m^d.,  1898. 
»  Forneaca,  Rif .  med.,  1903. 
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THE  STREPTOCOCX:;! 

Among  the  pyogenic  cocci,  there  is  a  large  and  important  group  of 
organisms  which  multiply  by  division  in  one  plane  of  space  only,  and 
thus  give  rise  to  appearances  not  unlike  chains  or  strings  of  heads. 
The  term  slreplococcus  or  chain-coccus  is,  therefore,  a  purely  morpho- 
logical one  which  includes  within  its  limits  microorganisms  which  may 
differ  from  each  other  considcraiily,  both  as  to  cultural  atiil  pathogenic 
properties.  Thus,  cocci  which  form  chains  may  be  isolateil  from  water, 
milk,  dust,  and  the  feces  of  animals  and  man.  These  may  have  little 
liut  their  morphological  appearance  in  common  with  the  pyogenic 
streptococci  which  are  so  important  as  the  incitants  of  disease.  The 
interrelationship  between  streptococci  from  different,  sources,  how- 
ever, is  by  no  means  fidly  tinderstond,  and  we  are  forced  at  present  to 
content  ourselves  with  the  recognition  of  a  large  morphological  group, 
in  no  individual  case  taking  the  pathogenic  or  more  special  cidtural 
characteristics  for  granted. 


STREPTOCOCCUS    PYOGENES 


Of  paramount  importance  among  the  streptococci  are  those  which 
possess  the  power  of  giving  rise  to  disease  processes  in  animals  and  in 
man,  and  which,  bocau.se  of  their  frequent  a.ssociation  with  suppura- 
tive inflammations,  are  rougldy  grouped  under  the  heading  of  StiTjh- 
toc4Kcuii  p!/otjenes. 

The  same  researches  upon  surgical  infections  which  led  to  the  dis- 
covery of  the  staphylorocci,  laid  the  hiisis  f(jr  our  knowledge  of  the 
streptococci.  The  fundamental  studie-s  of  Pasteur  and  Koch'  were  fol- 
lowed, in  1S81,  by  the  work  of  Ogston.'  who  was  the  first  to 
<lifferentiate  between  the  irregularly  groujied  staphylococci  and  the 
chain-cocci. 

'  Koeh,  '•  Unterauch.  Oh«r  Wundin/ektion,"  etc.,  1878 
*Og»lon,  Brit.  Mai.  Jour.  1881. 
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Pure  cultures  of  streptococci  were  first  obtainecl  by  Fehleisen'  in  ISS:} 
and  by  Roeenbach'  in  1884.  The  thorough  and  systematic  researches  of 
the  la8t-name<l  authors,  together  with  those  of  Passet,'  were  of  special 
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Fio.  72.— Streptococcus  ptooenes. 


influence  in  placing  our  knowledge  of  the  pathogenic  properties  of 
streptococci  ujxin  a  scientific  basis. 

Moiphology  and  Staining. — The  intlividual  streptococcus  Ls  a  spherical 
microorganism  measuring  from  0.5  micron  to  1  micron  in  diameter. 
Since  the  line  of  cleavage  of  cocci,  when  in  chains,  is  perpendicular  to  the 

'  FMcittn,  "  Aetiol.  d.  Erysipelas,"  Berlin,  1883. 

^liotenhach,  "  Mikroorg.  bei  Wundinfektion,"  etc.,  Wie.sbiwlen,  1884. 

•FoMef,  "  Untersuch.  Ubcr  die  eitrigen  Phlegm.,"  etc.,  Beriiii,  1885. 
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'  long  axis  of  the  chain,  adjacent  cocci  often  show  slight  flattening  of  the 
'  contiguous  surfaces,  forming,  as  it  were,  a  series  of  diplococci  arranged 
lend  to  end.     As  a  general  rule  the  streptococci  pathogenic  for  man, 
'  when  grown   upon  favorable  media,  have  a  tendency  to  form  chains 
'  made  up  of  at  least  eight  or  more  individuals,  while  the  more  saprophy- 
tic, less  pathogenic  varieties  are  apt  to  he  united  in  shorter  groups. 
Upon  this  basis  a  rough  morphological  distinction  has  been  made  by  v. 
'  Lingelsheim,'  who  6rst  employed  the  terms  Streptococcus  "longus" 
and    "brevis."      A    differentiation   of    this    kind    can  hardly  l)e    re- 

■  lied  upon,  however,  since  the  length  of   chains  is  to  some  degiee  de^ 

■  pendent  upon  cultural  and  other  environmental  conditions.  Species 
which  exhibit  long  and  tortuous  chains,  when  grown  upon  suitablj' 
alkaline  bouillon,  or  ascitic  broth,  may  appear  in  short  groups  of  three  or 
four,  or  even  in  the  diplo  form,  when  cultivated  upon  solid  media  or 
unfavorable  fluid  media.  Stained  specimens  often  show  swelling  and 
enlargement  of  individual  cocci,  giving  the  chains  an  irregularly  beaded 
appearance.  These  swollen  individuals  are  prob.ibly  to  be  interpreted  as 
involution  forms  and  are  seen  with  especial  frequency  in  old  cultures. 
Streptococci  do  not  form  spores,  are  non-niotilc,  and  tlo  not  possess 
flagella.  There  can  be  no  doubt  that  certain  species  of  true  streptococci 
may  possess  capsules,  though  these  are  not  so  regularly  demonstrable 
and  are  more  delicately  dependent  upon  cultural  conditions  than  are  the 
capsules  of  the  pneumococci.^  The  capsulated  streptococci  will  be  dis- 
cu&sed  more  comprehensively  in  the  section  upon  the  differentiation  of 
pneumococcus  from  streptococcus  (page  367). 

Streptococci  are  eaaily  stained  by  the  usual  anilin  dyes.  Stained 
by  the  method  of  Gram,  the  pyogenic  streptococci  arc  not  decolorized 
and  invariably  retain  the  gentian-violet.  Certain  species  found  in  stools 
and  described  as  Gram-ncgatlve,  are  rare  and  arc  non-pathogenic. 
Others  of  the  "Streptococcus  brevis"  variety,  and  purely  saprophytic, 
may  stain  irrcgularlj'  by  the  Gram  method. 

Cultivation. — The  pyogenic  streptococci  are  easily  cultivated  upon 

,  all  the  richer  artificial  media.     While  meat  extraet-pepton  media  may 

8ufl[ice    for    certain    strains,    it    is    usually   better  to    employ    thoi-c 

media  which  have  the   beef  or  veal  infusion  for  a  basis.     For  the 

cultivation  of  more  delicate  strains  of  streptococci,  especially  when 

!».  LingeUheim,  "  Aetiol.  u.  Therap.  d.  Streptok.  Infek."  Beit.  ».  Exp.  Then, 
Hft.  1,  1899. 

'Pag^uale.  Zieglere  Beit.,  xii;  Bordet,  Ann.  de  I'inst.  Pasteur,  1887;  ScholtmiiUer, 
MQJDcb.  ined.  W<ich.,  xx,  1903;  Hits,  Jour.  Exp.  Med.,  vi,  1905. 


PATHOGENIC  ORGANISMS 


P 


338 


taken  directly  from  the  animal  or  human  body,  it  is  well  to  a<id  to  the 
media  animal  albumin  in  the  form  of  whole  blood,  blood  serum,  or  asci- 
tic or  pleural  transudates.  Lducosc,  added  in  proportions  of  one  to  two 
per  cent,  likewise  renders  media  more  favoi'able  for  streptococcus  culti- 
vation. Prolonged  cultivation  of  all  races  upon  artificial  media  renders 
them  less  fastidious  as  to  cultural  requirements.  The  most  favorable 
reaction  of  media  for  streptococcus  cxdtivation  is  moderate  alkalinity 
(two-tenths  to  five-tenths  per  cent  alkalinity  to  pheiioiphthalein). 
Growth  may  be  readily  obtained,  however,  in  neutral  media  or  even  in 
those  slightly  acid.  The  optimum  temperature  for  growth  is  at  or  about 
S7.5°  C.  Above  43°  to  45°  C,  development  ceases.  At  from  15°  to 
20°  C,  growth,  while  not  energetic,  still  takes  place,  an  important  point 
in  the  differentiation  of  these  microorganisms  from  pneumococci.  While 
the  free  access  of  oxygen  furnishes  the  most  .suitable  environment 
for  most  races  of  streptococci,  complete  anaerobiosis  docs  not  pre- 
vent development  in  favorable  media.  Strictly  anaerobic  streptococci 
have  been  cultivated  from  the  human  intestinal  tract  by  Perrone'  and 
others. 

In  alkaline  bouillon  at  37.5°  C,  pyogenic  streptococci  grow  rapidly, 
form  long'and  tortuou.s  chains,  and  have  a  tendency  to  form  flakes  which 
rapidly  sink  to  the  bottom.  Diffuse  clouding  occurs  rarely  and  is  a 
characteristic  rather  of  the  shorter  so-called  Streptococcus  brei'is. 
When  sugar  has  l>een  added  to  the  broth  the  rapid  fonnation  of  lactic 
acid  soon  interferes  with  extensive  development.  This  may  be  obviated, 
especially  wlien  mass  cultures  are  desired,  without  sacrifice  of  the  growth- 
increasing  influence  of  the  glucose,  by  adiling  to  the  sugar-broth  one  per 
cent  of  sterile  powdered  CaCO,.' 

In  milk.  Streptococcus  pyogenes  grows  readily  with  the  formation 
of  acid,  followed,  in  most  cases,  by  coagulation  of  the  medium. 

On  agar-plates  at  37.5°  C,  growth  ajipears  within  eighteen  to  twenty- 
four  hours.  The  colonies  are  small,  grayish,  and  delicately  opalescent. 
They  are  rountl  with  smooth  or  very  slightly  corrugated  or  lace-like 
edges,  and  rise  from  the  surface  of  the  medium  in  regular  arcs,  like 
small  droplets  of  Huid.  Microscopically  they  appear  finely  granular  and 
occasionally,  under  high  magnification,  may  be  seen  to  be  composed  of 
long  intertwining  loops  of  streptococcus  chains,  which  fonii  the  lace-likc 
edges.  When  ascitic  fluid  or  blood  serum  has  been  added  to  agar, 
growth  is  more  energetic  and  the  colonies  correspondingly  more  rapid  in 

<  Perrone.  kxin.  de  I'inst.  Pasteur,  lix,  190& 
*HiM,  Jour.  Exp.  Med.,  vi,  1905. 
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appearance  and  luxuriant  in  development.  In  glucose-ascitic-agar, 
acid  formation  from  the  sugar  causes  coagulation  of  albumin  with 
the  consequent  formation  of  flaky  white  precipitates  throughout  the 
medium.' 

In  gelatin  stab-cultures  growth  takes  place  slowly,  appearing  after 
twenty-four  to  thirty-six  hours  as  a  verj'  thin  white  line,  or  as  discon- 
nected little  spheres  along  the  line  of  the 
stab.  The  colonies  on  gelatin  plates  are 
similar  in  form  to  those  on  agar,  but  are 
usually  more  opaque  and  more  distinctly 
white.  The  gelatin  is  not  liquefied  by  the 
pyogenic  streptococci,  though  certain  of 
the  more  saprophj-tic  forms  may  occa- 
sionally bring  about  slow  fluidification. 

On  LoefHer's  coagulated  blood  serum, 
growth  is  rapid  and  luxuriant,  and  may 
show  a  slight  tendency  to  confluence  if 
the  medium  is  very  moist.  Good  chain 
formation  takes  place  on  this  medium. 

Upon  potatoes,  growth  is  said  not  to 
take  place.* 

On  media  containing  red  blood  cells, 
most  pathogenic  streptococci  cause  hemolysis  and  decolorization  (see 
Fig.  74,  p.  345).  It  is  useful  to  rememlier  this  when  examining 
blood-culture  plates,  for  here  the  yellow  transparent  halo  of  hemo- 
lysis and  decolorization  surrounding  the  colonies  may  aid  in  dilTerenti- 
ating  these  bacteria  from  pneumococci.  This  is  of  especial  importance, 
since  many  streptococci,  when  cultivated  directly  out  of  the  human 
blood,  do  not  exhibit  chain  formation,  but  appear  as  diplococci. 

In  the  inulin-serum  media  of  Hiss,'  streptococci  do  not  produce 
acid  and  coagulation.  The  stwalled  Streptococcus  mucosus,  a  capsule- 
bearing,  uiulin-fernienting  microorganism,  is  very  probably  a  sub-species 
of  the  pneumococcus  (see  later  section). 

Resistance. — Streptococci  on  the  ordinary  culture  media,  without 
transplantation  and  kept  at  room  temperature,  usually  die  out  within 
ten  days  or  two  weeks.  They  may  be  kept  alive  for  much  longer  periods 
by  the  use  of  the  calcium-carbonate-glucose  bouillon,  if  the  cultures  are 

'  Libman,  Medii'iil  Record,  Ivii,  1900, 

' Protch  und  KoUe.,  in  Fliigge,  "Die  Mikroorgouismen,"  1891. 

'Hiss,  Jour.  Exp.  Med.,  vi,  1905. 
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thoroughly  shaken  and  tho  powdcrpd  marlik'  tlioroughly  mixed  witn 
the  bouillon  from  time  to  time.'  Preservation  at  low  temperatures 
(1°  to  2°C.),  in  the  ice  chest,  considerably  prolongs  the  life  of  cul- 
tures. Virulence  is  preserved  longest  by  frequent  tran.splantation 
upon  alljuminou.s  media.  In  sputum  or  animal  excreta,  streptococci 
may  remain  alive  for  .several  weeks. 

Streptococci  are  killed  l)y  exposure  to  a  temperature  of  54°  C.  for 
ten  minutes.''  Low  tem|x;ratures,  and  even  freezing,  du  not  destroy  some 
races. 

The  action  of  various  chemical  disinfectants  ha-s  been  thoroughly 
investigated  by  v.  Lingelsheim,'  who  reports  among  others  the  following 
results:  Carbolic  acid  1  :  200  kills  streptococci  in  fifteen  minutes.  In 
the  same  time,  bichloride  of  m<Tcury  is  efficient  in  a  dilution  of  I  :  1,500, 
ly.sol  in  a  dilution  of  I  ;  200,  peroxide  of  hydrogen  1  :  35,  sulphuric  acid 
1:  150,  and  hydrochloric  acid  1  :  150.  Inhibition  is  exerted  by  car- 
bolic acid  1  :  5.50,  and  by  bichloride  of  mercury  1  :  65,000.  Exposure 
to  direct  sunlight  kills  streptococci  in  a  few  hours. 

Virulence  and  P&thog;enicity. — Different  races  of  pyogenic  strepto- 
cocci show  considi'rablo  variations  in  virulence,  and  there  are  few  organ- 
isms, pathogenic  both  for  animaly  and  man,  which  show  such  jwculiari- 
ties  in  virulence.  The  character  or  severity  of  the  lesion  in  man  gives 
little  evidence  as  to  the  virulence  of  the  organism  for  animals.  Such 
differences  are,  to  a  certain  extent,  dependent  u]K>n  inherent  individual 
characteristics,  but  are  rather  more  likely  to  Vie  the  con.nequences  of  pre- 
vious environment  or  habitat.  Prolonged  cultivation  upon  artificial 
media  usually  results  in  the  reduction  of  the  virulence  of  a  streptococcus, 
while  an  originally  low  or  reduced  virulence  may  often  be  much  en- 
hanced by  re[H'ated  pa.s.sagp  of  the  streptococci  through  animals.  It  is 
noteworthy,  however,  that  while  the  passage  of  a  streptococcus  through 
rabbits  will  usually  enhance  its  virulence  for  susceptible  animals  in 
general,  re|X'ated  passages  through  mice  may  increase  the  virulence 
for  these  animals  only,  even  occasionally  depressing  the  virulence 
for  rabbits.* 

Among  the  domestic  animals,  those  most  susceptible  to  experimental 
streptococcus  infection  are  white  mice  and  rabbits.    Guinea-pigs  and 

<  Hi»»,  loc.  cit. 

'StentbfTi/,  "Textbook  of  Bact.,"  2d  ed.,  1901;  Hartmann,  Arch.  f.  Hyg.,  vii. 
'  D.  LingtUheim,  "Aetiot.  u.  Therap.  d.  Streptoc.  Inf.,"  etc.,  Beit.  z.  Exper. 
Therap.,  Hft.  1,  1899. 

•  Knon,  Zeit.  (.  Hyg.,  xiii. 
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t%ts  are  less  easily  infected,  and  the  larger  domestic  animals,  cattle, 
horses,  goats,  cats,  and  dogs,  are  extremely  refractory.  Almost  complete 
immunity  toward  streptococcus  infections  prevails  among  birds. 

The  nature  of  the  lesions  following  animal  inoculation  depends  upon 
the  maimer  of  inoculation,  the  size  of  the  dose  given,  and  most  of  all 
upon  the  grade  of  virulence  of  the  inoculated  germ.  Subcutaneous 
inoculations,  according;  to  the  virulence  of  the  inoculated  material,  may 
result  in  a  simple  iocalizeti  abscess,  differing  from  a  »ta])hylococcus 
ItRbscess  only-  in  the  more  serous  nature  of  the  exudate  and  the  frequent 
occurrence  of  edema,  or  in  a  severe  general  septicemia  with  a  hardly 
noticeable  local  lesion.  Subcutaneous  inoculation  of  mice  results  almost 
invariably  in  general  sepsis  followed  by  death  within  thirty-six  to  forty- 
eight  hours,  or  less,  and  the  presence  of  streptococci  in  the  heart's  blood 
and  the  viscera.  Intrapleural  or  intraperitoneal  inoculation  of  suscep- 
tible animals  with  virulent  streptococci  leads  usually  to  a  peculiarly 
hemorrhagic  form  of  cxiuiate,  due  both  to  the  diajx-dcsis  caused  by  the 
violent  inflammatory  process,  and  to  the  hemolysis  of  the  red  cells  by  the 
streptococcic  hemolysins.  Inoculation  of  ralibits  at  the  base  of  the  ear 
with  virulent  strejitococci  may  result  in  the  formation  of  a  lesion 
inilistinguishable  histologically  from  erysipelas  in  man.'  Marbabc  *  has 
shown  that  such  erysipeloid  lesions  (X)uld  l>e  jiroduced  in  rabbits  by 
streptococci  from  variou-s  and  indifferent  sources,  proviik>d  that  the 
virulence  of  each  strain  could  be  sufficiently  enhanced.  This  marked 
variability  of  the  resulting  lesion  as  determined  by  the  degree  of  virulence 
of  the  incitant,  whatever  its  original  source,  fonns  a  strong  argument  in 
favor  of  the  opiiuon  that  all  the  pyogenic  streptococci  are  members  of  a 
single  .species. 

Intravenous  inoculalion  of  raljbits  with  virulent  cultures  usually 
re:<ults  in  a  rapidly  fatal  septicemia.  An  animal  which  has  died  of  a 
streptococcus  infection  usually  shows  serosangujncous  edema  about  the 
point  of  inoculation,  mulfiple  liemi>rrhagic  spots  upon  the  serous  mem- 
branes, and  congestion  of  the  viscera.  The  microorganisms  can  almost 
invariably  Ix^  found  in  the  heart's  blood,  in  the  spleen,  and  in  the  exudate 
about  the  inoculated  area.  Microseopieally,  when  the  process  has  lasted 
sufficiently  long,  parenchymatous  degmieration  of  all  the  organs  may  be 
observpil.  In.  the  more  chronic  infections  articular  and  periarticular 
lcsion.s  may  occur.' 

'  FekleistTi,  loc.  dt.;  Frankel,  Cent.  f.  Bakt.,  vi. 

«  Afarbnix,  L»  Cellule,  1892. 

'SdxuU,  Zeit.  f.  Hyg.,  iii;  Hum,  Jour.  Med.  Res.,  xix,  1908. 


■— "^-"'"^ 


342 


PATHOGENIC  MICROORGANISMS 


Spontaneous  streptococcus  disease  seems  to  occur  amonp;  some  of 
the  larger  domestic  animals.  Thus,  a  contagious  form  of  inflammation 
of  the  respiratory  passages  of  horses  has  been  attributed  to  streptococcus 
infection.'  Among  cfittte  these  microorganisms  have  been  found  to 
prwluce  purulent  inflammation  of  the  udder  and  occasionally  post- 
partum uterine  inflammation  in  cows.  Among  the  smaller  labora- 
tory animals,  occasional  streptococcus  infections  may  be  observed  in 
rabbits.  Recently  an  epidemic  di.sease  among  white  mice  due  to  strep)- 
tococcus  was  studied  by  Kutscher.'  As  a  rule,  however,  streptococcus 
disease  is  by  far  more  rare  among  animals  than  it  is  among  human  beings. 

In  man,  a  large  variety  of  pathological  i)roce,sses  may  be  caused  by 
streptococci  and  here  again  the  nature  of  the  infection,  whether  definitely 
localized  or  generally  distributed,  depends  upon  the  relation.ship  existing 
between  the  virulence  of  the  incitant  and  the  resistance  of  the  subject. 

The  first  cultivation  of  streptococcus  from  human  lesions  was  made 
by  Fehleisen,'  who  obtained  them  from  cases  of  erysipelas.  It  was 
long  believed  that  the  .so-called  Sireplococcuji  erysipelatis  was  a 
similar  but  essentially  different  species  from  the  common  Streptococcus 
pyogenes.  The  production  of  erysipelas  in  animals  with  streptococci 
from  other  sources,  however,  has  .shown  definitely  that  the  two  groups 
can  not  be  separated.*  Superficial  cutaneous  infections  are  frequently 
caused  by  streptococci  and  these  in  the  milder  cases  may  be  similar 
to  the  localized  abscesses  caused  by  staphylococci.  In  severe  cases, 
however,  infection  is  followed  by  rapidly  spreading  edema,  lymph- 
angitis, and  severe  systemic  manifestations  with  the  development  of  a 
grave  celluhtis,  often  threatening  life  and  requiring  energetic  surgical 
interference.  Invasion  of  the  respiratory  organs  by  streptococci  is  not 
rare,  and  may  lead  to  bronchitis,  pneumonia,  or  empyema.  They  are 
frequently  present  also  as  secondary  invaders  in  pulmonary  tubercu- 
losis.' Streptococcus  infections  of  the  lungs  and  pleura  not  infrequently 
lead  to  pericardial  involvement. 

Suppurations  of  bone  may  be  cau-sed  by  streptococci,  and  constitute 
a  severe  form  of  osteomyelitis.  Such  lesions  when  occurring  in  the 
mastoid  l>one  are  not  infrequently  secondary  to  streptococcus  otitis  and 
may  lead  to  a  form  of  meningiti.s  which  is  in  most  cases  fatal.     In  the 
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'  Van  de  VeUe,  MonatsheTt  Bakt.,  Thierbeilk.,  ii. 

'  KuUehfT,  Cent.  f.  Bakt..  xlvi. 

'  Fehkiten,  loc.  cit. 

*  Mnrbaix,  La  Cellule,  1892;  Pelnuchky,  Zeit.  f.  Hyg.,  jodii. 

'Cornel,  "Die  Tuberkulosc."  Wien,  1809. 
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mouth  and  throat  streptococci  may  give  rise  to  pharj-ngitis  and  are  one 
of  the  most  frequent  causes  of  a  form  of  tonsillitis  often  clinically  indis- 
tinguishable from  diphtheria.  The  throat  inflammation  accompanying 
■scarlatina  is,  almost  without  exception,  referable  to  streptococcus  infec- 
lion.'  The  occasional  presence  of  the  streptococcus  in  the  blood  of 
scarlatina  patients,  moreover,  has  led  some  authors  to  suggest  a  pos- 
sible etiological  connection  between  this  microorganism  and  the  disease.' 
This,  however,  is  at  present  merely  conjectural. 

In  diphtheric  inflammations  of  the  throat,  a  secondary  streptococcus 
infection  is  a  frequent  and  serious  complication.  As  incitants  of  disease 
of  the  intestines,  streptococci  have  been  found  in  appendicular  ab.'^ces.ses ' 
and  have  been  described  as  the  cause  of  some  forms  of  infantile  diarrhea.'' 
From  any  of  the  local  processes  streptococci  may  pass  into  the  circulation, 
causing  sepsis.  The  .septicemia  occurring  during  the  puerperium  is  most 
often  caused  by  this  microorganism. 

Secondary  foci  in  the  viscera  may  be  established,  leading  to  pyemia,' 
or,  if  these  localizations  occur  ujxtn  the  heart  valves,  septic  endocarditis 
may  ensue.  All  such  forms  of  general  streptococcus  infection,  whetlier 
running  acute  or  chronic  courses,  present  a  high  rate  of  mortality.  The 
diagnosis  in  these  cases  is  usually  easy  if  blood  cultures  are  taken  upon 
suitable  media. 

Streptococcus  throat  infections  have  recently  appeared  in  fulmi- 
nating epidemics.  Several  small  epidemics  were  described  in  England, 
and  three  extensive  outbreaks  have  occurred  in  this  countrj';  one  in 
Boston  of  1,400  cases;  a  second  in  Baltimore  of  about  1,000  cases,  and 
a  third  in  Chicago  of  about  10,tl00  ca.se.s.  These  outlireaks  were  studied 
bj'  Winslow,  Stokes,  Davis,*  and  by  Rosenow.'  In  eacii  case  the  major- 
ity of  infections  were  traced  to  a  single  milk  supply,  though  secondary 
cases  doubtless  occurred  by  contact.  Severe  complications  such  as 
suppurative  adenitis,  otitis,  erysipelas,  peritonitis,  and  septicemia 
were  not  uncommon.  A  similar  organism — a  capsulated,  hemolytic 
streptococcus — was  found  in  each  epidemic. 

'  Baffi»»ky,  Deut.  med.  Zoit.,  1900. 

'  Boffirmky  und  Sommerfeld,  Berl.  klin.  Woch.,  xxvii,  1900. 
•  Kelly,  "Pathogenesis  of  Appondieitis." 

*Lam  and  Tai>el,  Rev.  dc  Chir.,  1904;  Perrone,  Ann.  de  Tinst.  Pasteur,  1905; 
Eschrrith,  Jabrb.  f.  Kinderheilkunde,  1899. 
'  Libman,  Cent.  f.  Bakt.,  xxii. 
•Cited  from  Capps,  Jour.  A.  M.  A.,  1912,  p.  1848. 
'  Roaenow,  Jour,  d  lof,  Dia.,  1912, 
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Toxic  Products. — In  spite  of  extensive  resoardies  by  many  inves- 
tigators upon  the  nature  of  the  poisons  producwl  by  streptococci, 
our  understanding  of  these  substances  is  still  very  incomplete.  The 
grave  systemic  symptoms  so  often  accompanying  comparatively 
slight  streptococcus  lesions  argue  strongly  for  the  production  by  these 
microorganisms  of  a  |«>werful  ditTusilde  poison.  Toxic  filtrates  of 
streptococcus  cultures  have  indeed  been  obtained  by  Roger,'  Marmier,' 
Baginsky  and  Sommerfeld,^  Manuorek,*  ami  many  others;  but  these 
have  in  no  Civse  been  coniparal>le  in  potency  to  the  soluble  toxins  of 
diphtheria  or  of  tetanus.  When  injected  into  young  guinea-pigs  in 
suflScient  quantitj',  these  filtrates  produce  rapid  collapse  and  death. 
The  inability  to  produce  strong  toxins  is  generally  attributed  to  the 
difficulty  of  obtaining  verj'  abundant  growth  of  these  bacteria  upon 
fluid  media,  development  l)eing  self-limiting,  either  because  of  the  ex- 
haustion of  specific  nutritive  materia!  (.Marmorek  '),  or,  more  probably, 
because  of  the  inhibitory  effects  of  the  products  of  growth,  chiefly  acid 
formation.  This  itust  factor  can  be  partially  overcome  by  the  use  of  the 
glucose-calcium-carbonate  liroth  mentioned  above,  in  which  acid  neutral- 
ization is  constantly  taking  place.  For  toxin  protluction,  Bagiasky  and 
Sommerfeld  "  advise  a  strongly  alkaline  reaction  of  the  media;  Mar- 
morek '  has  used  human  blood-s<'rum-bouil!on  with  success.  The 
toxins  so  produced  are  relatively  thermostable.  According  to  v. 
Lingclshcim,  heating  to  60°  or  70°  C.  destroys  them  in  part  only. 
The  endotoxin-s  contained  within  the  cell-bodies  of  streptococci  them- 
aelvcs  have  been  found  to  i>ossews  but  slight  toxic  qualities. 

Apart  from  these  substances,  some  streptococci  profluce  a  hemolysin 
which  has  the  power  of  bringing  about  destruction  of  roil  blooti  cor- 
puscles. The  observation  of  this  phenomenon  for  streptococci  was  first 
made  by  Marmorek  *  in  1895.  According  to  this  author,  there  is  a 
direct  relationship  lietween  virulence  ami  hemolytic  power.  Other 
investigators,  however,  n<jtably  Schottmliller,*  believe  the  hemolytic 
power  to  be  a  constant  characteristic  of  certain  strains  unchangeable  by 

'  RogfT,  Rev.  dc  luiVl.,  1892. 

*  Marmirr,  Ann.  do  I'inst.  Pasteur,  ix,  1895,  p.  533. 

*  Bagin^y  und  Snmint-rfeUi,  Bcrl.  klin.  Wooh.,  1900. 

*  Marmorek,  Berl.  klin.  Woch.,  1002. 

*  Marmortk,  Berl.  klin.  Woch.,  xiv,  UK)2. 

*  Loc.  cit. 

^Marmorek,  Ann.  dc  I'inst.  Pastour,  1895. 

*  Marmorek,  Ann.  de  I'inst.  Pasteur,  1895. 
^  SdwUmuUer,  MOnch.  med.  Woch.,  1903. 
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experimental  enhancement  or  reduction  of  the  virulence.  Streptococcus 
hemolysins  may  be  conveniently  observed  by  cultivation  of  the  organ- 
isms upon  blood-agar  platens.  They  may  be  proiiuced  in  alkaline  pepton- 
broth  and  obtained  separate  from  the  bacteria  by  filtration — a  procedure, 
however,  in  which  the  quantities  obtained  are  never  large.  Besredka  * 
and  Schlesinger '  believe,  for  this 
reason,  that  the  heniolytic  suIj- 
stances  are  closely  attached  to  the 
bacterial  bodies.  The  last-named 
author,  furthermore,  has  deter- 
mined that,  in  contradistinction  to 
the  other  toxic  substances,  strepto- 
coccus hemolysins  are  extremely 
labile,  disappearing  from  culture 
fluids  after  standing  for  from  five 
to  seven  days  at  ordinary  room 
temperature. 

Immunisation. — For  reasons  not 
wholly  understood  at  present,  re- 
covery from  streptococcus  infection 
does  not  to  any  marked  degree 
produce  immunity  against  these 
bacteria.     Active    immunity    maj-, 

however,  he  j^roduced  in  rabbits,  goats,  horses,  and  other  domestic 
animals  by  treatment  with  gradually  increasing  doses  of  streptococcus 
cultures.* 

In  carrying  out  such  immunizations  it  is  necessary  to  use  for  the  first 
injection  attenuated  or  dead  bacteria.  Attenuation  may  be  accom- 
plished by  motlerat€  heating  or  by  the  addition  of  chemicals  (terchloride 
of  iodin).  Neufeld  *  advises,  fur  the  first  injection  in  immunizing 
rabbits,  the  use  of  ascitic-broth  cultures  killed  by  heating  to  70°  C  This 
is  followed,  after  ten  days,  by  a  second  injection  of  a  small  quantity  of 
fully  virulent  cocci.  Following  this,  injections  arc  maile  at  intervals 
of  ten  days  with  constantlj'  increasing  doses.  Modifications  of  these 
general  principles  are  employeil  in  most  laboratories. 

The  .sera  of  animals  so  treated  contain  no  demonstrable  antitoxic  or 

'  Bcsmlka,  .\nii.  de  I'inat.  Pasteur,  xv,  1901,  p.  880. 
*Schle«ingeT.  Zeit.  f.  Hyg..  xxiv,  1M3. 

•  Koeh  and  Fetruschktj,  Zeit.  f .  Hyg.,  xxiii,  1896. 

*  Neufeld,  Zeit.  f.  Hyg.,  xUv,  1903. 


Fig.  74. — Streptococcus  Colonies 
FROM  Blood  Cl'ltcre  on  Blood- 
Aqar  Plate.  Showing  areas  of  hemol- 
ysis about  colonies. 
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nntihemolytic  substances.'  Th^y  pxert,  howevpr,  <ieinonslrabIo  bacton- 
cidat  power  Ixith  in  mvo  and  in  vitro  and  tiistinctly  enhance  phjigocytosis 
when  brought  into  contact  with  leucocytes  and  streptticocci.  This 
"opsonic"  power  has  Ix^en  noticed  i>oth  intraperitoneally '  and  in  vitro.^ 

The  protective  value  of  streptococcus  immune  sera  for  infected 
animals  is  considerable,  reaching  often  a  potency  hardly  explicable  by 
the  demonstrable  Ijactericiilal  or  opsonic  power,  and  therel)y  suggesting 
some  other  active  factor  not  understood  as  yet.''  Aronson  '  ha.s  produced 
imnmne  sera  by  the  treatment  of  horses  with  a  streptococcus  derived 
from  a  ca.se  of  scarlatina,  OiHMM  c.c.  of  which  sufficed  to  pnjtect  mice 
from  ten  times  the  fatal  dose  of  a  .streptococcus  culture.  These  high 
protective  values,  however,  are  obtainetl  only  when  the  senmi  injections 
are  given  snnultan(H)ush'  with  the  bacteria.  Given  four  or  six  hours 
after  infection,  much  higher  dosage  must  bo  employed  ami  protective 
results  are  nmch  less  regular  in  occurrence.'  Other  antistreptococcic 
sera  have  lieen  pro<luced  by  Denys,  Menger,  Tavel,  and  others,  all  show- 
ing more  or  less  marked  potency  in  protecting  animals.^ 

Since  these  sera,  while  in  a  general  way  potent  against  all  streptococci, 
have  Ix'cn  found  protective  chiefly  against  the  specific  inicrof)rgunism  em- 
ployed for  their  production,  Van  de  Velde,"  Denys,  Aronson,  and  others 
have  advised  the  immunization  of  the  animal  with  a  large  variety  of 
streptococcus  races,  derived  from  many  different  human  sources.  The 
resulting  "  pol j'V'alent "  serum  is  more  iipt  to  exert  equally  high  protective 
powers  against  all  streptococcus  infections.  The  therapeutic  value  of 
such  sera  in  the  treatment  of  luunan  infection.s  is  .still  mih  judice.  Un- 
deniably favorable  reports  are  published  each  year  in  increasing  number, 
but  are  by  no  means  regular  or  comparable  to  the  results  oljtained  in 
diphtheria  with  diphtheria  antit«.\in.  Nevertheless,  in  mild  ca.ses  or  in 
those  in  which  the  lesions  have  Ix'eu  distinctlj'  localized,  the  sera  seemed 
to  be  sufficiently  useful  to  justify  their  use  and  necessitate  their  stand- 
ardization, 

'  Lini/eUheim,  Zeit.  f.  Hyg.,  x,  1891.  » Bordet,  Ann.  de  I'lnst.  Pasteur,  1897. 

•  Denys  et  LetUf,  Cellule,  t.  ix. 

•  Denys  et  Marehand,  "M^oanisme  He  rinimunit<5,"  etc.,  Brusteb,  1896. 

'  Aronnon,  Berl.  klin.  Woch.,  xxxii,  189C;  ibid.,  xlii  and  xliii,  1902;  ibid.,  viii  and 
ix,  U»05. 

•  Deny*,  "Le  S&Tim  antiatreptoc,"  Louvain,  1896;  Van  de  Vdde,  Ann.  de  I'lnat. 
Pasteur,  1896. 

'  Denys  et  Marchami,  Bull,  de  I'acad.  roy.  de  tatA.  de  Bclgique,  1898;  Menger, 
Berl.  klin.  Woch.,  1902;  Tavel,  Corr.-Bl.  i.  Schw.  Acrzte. 

•  Van  de  Yelde,  Arch,  de  tafA.  exp^.,  1897. 
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Standardization  is  accomplished  by  the  methods  first  deviscfl  by 
Marx '  for  the  standardizatinn  of  swine-plaguc  scriim,  and  depends  upon 
the  ability  of  the  serum  to  protect  animals  against  a  measured  dose  of 
virulent  streptococci.  Aronsou*  designates  as  a  "normal  serum"  one 
of  which  0.01  c.c.  will  protect  a  mouse  agiiinst  ten  to  one  hundred 
times  the  fatal  do.se  of  virulent  stroptocot-ci.  One  c.c.  of  tliis  .sorura 
equals  one  serum  unit.  Comparisons  by  anunal  experiment  with  this 
standard  senmi  approximately  determine  the  value  of  other  sera. 

Leucocyte  extracts'  have  l>een  employed  in  various  forms  of  strep- 
tococcus infections  of  man,  with  success  in  many  cases.  Favorable  re- 
sults have  been  obtained  with  these  extracts  in  cases  of  erysipelas. 

The  agglulinins  found  in  streptococcus  immune  sera  are  usually  most 
active  toward  the  race  of  bacteria  employed  in  the  immunization.  Other 
streptococci  are  also  agglutinated,  but  in  relatively  higher  concentra- 
tion. Wliile  a  specific  group  reaction  is  useful  in  differentiating  strep- 
Itococci  from  other  species,  agglutination  can  not  be  relied  upon  to 
I  differentiate  individual  streptococci  from  one  another  (Hiss).  It  has 
been  fouiid  that  a  scTum  proiluced  vnth  a  streptococcus  from  one  source 
contained  a  higher  agglutinating  value  for  some  other  streptococcus 
than  for  the  one  employed  in  its  production.  Agglutinins  may  be  pro- 
duced by  treating  animals  with  dead  as  well  as  with  the  living  strep- 
tococci. While  the  technique  of  streptococcus  agglutination  is  not  diffi- 
cult when  we  are  dealing  with  strain.^  which  grow  with  even  clouding 
in  fluid  media,  the  frequent  spontaneous  clumping  in  broth  cultures 
necessitates  the  use  of  a  special  technique.  The  most  simple  of  these 
methods  is  the  one  in  which  cjil<uum-carl)onatcvglucose  broth  is  used  for 
cultivation.*  Growing  in  tliis  medium  and  thoroughly  shaken  once  a 
•  day,  the  streptococci  are  found  evenly  divided  in  the  supernatant  fluid 
after  the  settling  out  of  the  ealcium-carbonate  powder. 

Precipitins  have  l>cen  found  by  Aronson ''  in  streptococcus  immune 
horse  senmi. 

Classification. — Differences  in  minor  cultural  characteristics  and  in 
virulence  of  streptococci  obtained  from  various  sources  have  given  rise 
to  disctission  as  to  the  identity  of  all  races  of  streptococci.  The  earliest 
observers  were  forced  to  abandon  their  separation  of  the  streptococci  of 


'  Man,  Deutsche  thierarzt.  Woch.,  vi,  1901. 

'  Aronson,  Berl.  klin.  Woch..  xliii,  1902;  Olto,  Arb.  a.  d.  kfinigl.  Inat.,  etc.,  Frank- 
furt a.  M.,  Heft  2,  1906. 

•  Hi»»,  Jour.  Med.  Res.,  xix,  1908. 

•  Hiaa,  Jour.  Exp.  Med.,  vii,  1905.         '  Aronson,  Deut.  med.  Woch.,  25, 1903. 
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prysipoliis  from  citlicr  strcptofycci  because  of  the  work  of  Marbaix  '  and 
otljers,  who  produced  erysipelas  in  rabbits  with  streptococci  from  non- 
erysipelatous  lesions,  after  enhancement  of  their  virulence.  V.  Lingel- 
sheim '  proposed  a  purely  morphological  differentiation  of  "longus" 
and  "hrevis";  the  former  class  including  the  streptococci  usually  found 
in  pyogenic  lesions  with  tendency  to  form  chains  of  six  or  more  links, 
the  latter  designating  the  short-chained  varieties,  incluiiing  the  less 
virulent  streptococci.  This  chtssification,  however,  is  not  tenable  be- 
cause of  the  dependence  of  chain  fonnation  upon  reaction,  consistency, 
and  nutritive  qualities  of  the  media  employed  for  cultivation,  and 
upon  the  influence  of  animal  fluids  if  the  micrmjrganisms  are  taken 
direct  from  lesion.s.  Schottmiiller,'  in  1903,  proposed  a  classification 
based  Imth  upt)n  morpliologj'  and  the  apiwarance  of  cultures  upon 
human  blood  agar.  By  this  method  he  divided  streptococci  into  two 
main  groups  sts  follows r  I.  Streptococcus  longus  sen  eryaipelatos,  consist- 
ing of  the  most  virulent  varieties,  with  tendency  to  form  long  chains, 
and  producing  hem(;lysis  upon  blooti  media.  11.  Streptococcm  mitior 
seu  viridnnx,  inchitling  less  virulent  strains,  with  usually  .shorter  chain- 
fonnati(m,  and  producing  green,  non-hemolyzing  colonies  upon  blood 
media.  A  thin!  group,  Streptococcus  mucosu.<i,  will  receive  special  con- 
sideration in  a  separate  section,  and  is  probably  more  closely  relate<l 
to  the  pneumococci.  The  "viridans"  type  is  of  great  importance  med- 
ically since  it  is  so  commonly  found  in  subacute  septic  endocar- 
ditis and  has  recently  Ix-cn  iLssociated  by  Rascnow  and  others  with 
rheumatism. 

Attempts  to  .separate  the  streptococci  into  subdivisions  by  their 
powers  to  ferment  various  carlx)hydrafes  have  been  made  by  Hiss, 
Gordon,  and  others.  These  attempt^i  have,  so  far,  Iwen  without  practical 
result.  Hiss  *  indicated  a  tentative  division  of  streptococci  into  those 
which  fermented  monasacchariAs  alone,  tho.'^e  which  were  also  able  to 
ferment  disaccharids,  and  fho.se  in  which  the  fermentative  powers  were 
extended  to  the  polysaccharids,  starch,  dextrin,  and  glycogen. 

Gordon'  foumi  ten  different  fennentation  reactions  among  twenty 
pyogenic  streptococci  examined,  and  forty-eight  diflferent  fermentation 
reactions  among  two  hundred  streptococci  isolated  from  saliva.    Other 


•  Marbaix,  loc.  cit. 

'  r.  Lingrlthcim,  "Aetiol.  u.  Therap.  d.  Streptokok.  Krankh.,"  etc.,  Berlin,  1899. 

* SfJioltniiilUr,  Milnrh.  med.  Wooh.,  1903. 

*Hi*a,  Cent.  f.  Bakt.,  xxxi,  1002;  Jour.  Exp.  Med.,  vi,  1905. 

*Oor<ion,  Annual  Report,  Local  Govern.  Board,  33,  liondon,  1908. 
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'  work  by  Andrewes  and  Horder  and  by  Buorgor '  confirms  the  irregu- 
,  larity  of  the  fermentation  reactions  within  this  group. 

Andrewes  and  Horder  suggest  the  following  classification: 

(1)  Streptococcus  pyogenes.  Grows  in  long  chains  and  ferments  lactose, 
I  saccharose,  and  salicin;  docs  not  coagulate  niilk.     Streptococri  which  cause 

suppurative  lesions  or  severe  sj'stemic  infections  l)clong  to  this  group. 

(2)  Streptococcus  mill's.  A  saprophjlic  tyj)e  founti  fretiuently  in  the  mouth 
^  which  shows  the  same  cultural  characteristics  as  the  streptococcus  pyogenes, 
I  but  grows  in  short  chauis. 

(3)  Streptococcus  angirwsus.  Found  frequently  in  throat.s  of  scarlet-fever 
patients  which  differs  from  the  pyogenes  only  in  coagulating  milk. 

(4)  Streptococcus  salimrius.  A  short-chain  type  whidi  femient.'i  lactose, 
saccharose,  and  raffinosc,  and  coagulat^'s  milk.  Streptococci  of  this  type  are 
found  frequently  in  the  mouth,  but  are  rarely  pathogenic. 

(5)  Streptococcus  fetalis.  A  short-clmin  tyjx"  which  fennents  lactose,  sac- 
1  charose,  and  mannite.    This  type  is  fomid  normally  in  the  intestine,  and  is 

occasiunally  pathogenic. 

(<i)  Streptococcus  equinus.  A  short-chain  type  which  does  not  ferment  lac- 
tose.   Found  in  horse  dung  and  never  pathogenic. 

Quantitative  determinations  of  the  amount  of  aeid  formed  in  vari- 
ous sugars  by  diflferent  races  have  also  been  niatle  by  Winslow  and 
Palmer '  and  others,  but  have  led  to  no  satisfactoiy  classification. 

Studies  by  Hopkins  and  Lang  seem  to  show  that  the  streptococci 
found  in  most  human  infections  may  be  differentiateil  from  the  ordinary 
saprophytic  types  by  the  fact  that  they  ferment  lactose  and  salicin, 
but  fail  to  ferment  raflinose,  inulin,  or  mannite.  According  to  their  re- 
sults, the  usual  saprophytic  t>'pes  found  in  the  mouth  either  fail  to  fer- 
ment salicin  or  ferment  raffinosc;  or  inulin,  whereas  the  usual  feeal  tjpes 
ferment  mannite.  They  also  found  in  infection  mannite  fcnnenters 
which  were  apparently  of  fecal  origin.  Streptococci  which  gave  the 
same  fermentative  reaction  as  the  mouth  .siiprophj^ies  were,  however, 
frequently  found  in  malignant  endocarditis. 

Probably  the  most  reliable  method  of  determining  the  interrelation- 
ships existing  between  bacteria,  not  only  within  thi.s  group,  but  in  all 
bacterial  classes,  is  that  depending  upon  their  reactions  to  immune 
sera.  The  work  of  Aronson,'  Marmorek,*  and  others  has  shown  that 
streptococcus  immune  sera  produced  with  any  one  race  of  pyogenic 

>  Andrews  and  Horder,  Ldincet,  1906;  Buerger,  Jour.  Exp.  Med.,  ix,  1907. 

•Jour,  of  Inf.  Dis.,  No.  viii,  UUO,  1. 

»  Aronson,  Berl.  klin.  Woch.,  1902;  ibid.,  1903.     *  Marmorek,  Berl.  kUn.  Wocb.,  1902. 
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streptococci  exerted  considerable,  tlioiigli  variable,  protective  action 
against  many  other  strains  of  streptococci.  The  sj\nie  authors,  as  well 
as  many  others,  working  with  the  agglutination  reaction,  have  shown 
that  the  Jigglutinins  protluced  with  one  streptococcus  strain  were  active 
against  many  other  streptococci.  While  most  active  usually  against 
the  particular  microorganism  with  which  they  were  produced,  this  was 
by  no  means  the  rule,  a  serum  proiluced  witli  a  streptococcus  from  a  case 
of  sepsis,  in  one  case,  Jigglutinating  a  streptococcus  from  a  case  of  scar- 
latina more  highly  than  its  own  microorganism.  As  with  other  "group 
agglutinations,"  the  more  highly  immune  the  serum  is,  the  more  gen- 
eral is  the  agglutinating  power  over  the  whole  group.  Thus,  while 
agglutination  is  practicallj'  useless  in  separating  streptococci  from  one 
another,  it  is  highly  useful  in  difTcrentiating  these  orgunisms  from  allied 
groups,  such  as  the  pneuinococci.  Tlie  immune  reactions,  therefore, 
seem  to  indicate  a  very  close  relat  ionship  Ix't  ween  streptocococci  Jis  a  class. 

Pneumococcus  (streptococcus)  mucosus. — First  definitely  de- 
scribed by  Howaril  and  Perkins  '  in  I'JOl,  and  subsequently  carefully 
studied  by  Schottmiiller,*  who  isolated  it  from  cases  of  parametritis, 
peritonitis,  meningitis,  and  phlebitis.  It  has  since  Ix'cn  destTil)ed  by 
many  as  the  incitant  of  lobar  pneumonia  and  of  a  variety  of  other  le- 
sions and  as  an  apparently  harmless  inhabitant  of  the  normal  mouth. 
Morphologically,  though  showing  a  marked  tendency  to  fonn  chains,  on 
solid  media  it  often  appears  in  the  diplococcus  form.  It  is  enclosed  in 
an  extensive  capsule,  which  appears  with  much  regularity  and  persist- 
ence. Though  vcrj'  similar  in  appearance,  therefore,  to  pneomococci, 
these  bacteria  do  not  appear  in  the  tj^jical  lancet,  shape.  I'pon  solid 
media  they  show  a  tendency  to  grow  in  transparent  moist  masses.  The 
regularity  with  which  this  microorganism  fcnnents  inulin  medium, 
make  it  probable  that  it  is  more  accurate  to  place  it  with  the  group 
of  pnemnococci  than  with  that  of  streptococci.' 

Most  of  the  organisms  of  this  group  show  the  common  characteris- 
tics of  the  pneumococci  and  are  soluble  in  bile.  Occasional  strains, 
such  as  one  studied  by  Dochez  and  Gillespie,  neither  ferment  inulin 
nor  are  bile  soluble.  Rarely,  too,  does  it  cause  hemolysis.  From  the 
various  studies  carried  out  upon  this  group  it  must  In-  conclud<'d  that 
while  perfectly  distinct  in  its  formation  of  a  heavy  mucoid  colony  and 
capsulation,  this  group  is  more  closely  related  to  the  pneimiococci  than  to 

'  Hoicard  and  Perkins,  Jour.  Me<l.  Res.,  1001,  N.  S.,  i. 

* SchollmulUr,  Mdnch.  med.  Woch.,  xxi,  1903. 

'  Hi**,  Jour.  Eip.  Med.,  19a5;  Buerger,  Cent.  f.  Bakt.,  I,  xli,  1906. 
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the  true  streptococci.    As  would  be  expected  from  its  capsulation,  its 
virulence  is  very  powerful  and  senim  rcat-tions  are  not  easily  carried 
[  out.     A  further  discussion  uf  the  iniinune  soruni  reactions  with  this 
;  organism  is  included  in  the  chapter  on  pneumococci,  page  363. 

STREPTOCOCCI  AND  RHEUMATISM 
In  1910  Poynton  and  Paine  '  ilcscribcd  a  (Hploeoccus  which  they 
obtained  from  eight  cases  of  acut«  rheumatic  fever  and  with  which 
they  were  able  to  produce  lesions  in  rabbits  which  they  consirlered 
I  typical  of  rheumatism.  The  organism  was  recovered  from  the  blood, 
'  the  pericardial  fluid,  or  the  ton.sil  of  their  patients.  They  descriliod  a 
minute  Gram-negative  diplococcus  growing  best  in  acid  media  and 
under  anaerobic  conditions,  but  capable  of  growth  on  the  .surface  of  ordi- 
nary media.  Many  investigators  have  attempted  to  confirm  their  work, 
but  with  negative  results  for  the  most  part,  though  some  have  found 
streptococci  and  diplococci  from  rheumatic  lesions.  Recently  Ro.senow ' 
has  reported  the  isolation  of  a  streptococcus  from  the  joints  of  seven 
cases  of  articular  rheumatism.  He  was  also  able  to  produce  non- 
suppurative arthritis,  endocarditis,  ami  pericarrlitis  in  rabbits  with 
these  cxdtures.  He  ilescribes  them  jls  intermediate  in  charat^ter  between 
the  streptococcus  vnridans  and  strepto(»ccus  hemolyticus. 

More  recently  Rosenow '  has  reported  the  production  of  gastric 
ulcers  in  rabbits  and  dogs  with  streptococci  of  a  certain  grade  of  viru- 
lence. He  has  also  obtained  streptococci  from  human  peptic  ulcers 
which  showed  a  remarkable  "  affinity  "  for  the  gastric  mucous  membranes 
of  experimental  animals. 

Ro.senow  seems  inclined  to  think  on  his  later  work  that  individual 
strains  of  streptococcus  may  acquire  predilections  for  definite  tissues, 
eonstHjuently  causing  rheumatic  lesions,  muscular  lesions,  lesions  in  the 
gastric  mucosa,  etc.  He  bjiscs  this  opinion  lK)th  on  experimental  work 
and  upon  observations  in  patients.  Judgment  upon  this  point  of  view 
must  for  the  present  be  held  in  abeyance,  yet  it  seems  to  us  more  likely 
that  specific  localization  of  streptococci,  especially  in  connection  with 
rheumatism,  may  find  an  explanation  in  the  hjijersusccptibility  of  in- 
dividual tissues  to  the  orgiinism,  such  as  that  indicated  in  the  work 
of  Faber  who  sensitized  joints  with  e.vtracts  of  streptococci,  subse- 
quently producing  lesions  in  these  joints  by  intravenous  injections  of 
the  microorganisTus  themselves. 

'  Poynlon  and  Pain*.  Lancet,  1900,  ii,  .SOI.  932. 

•  Roncnoir,  .lour.  A.  M.  A.,  H)13,  Ix,  1223. 

>  Roterww,  Jour.  A.  M.  A.,  1913,  bci,  1947,  2007. 
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{PneumococcuA.  Diplococcus  lanceolatus) 

The  opinion  tluit  lobar  pneumonia  is  an  infectious  disease  was  held 
In-  many  far-sighted  clinicians  long  before  the  actual  bacteriological 
facts  hud  l»een  ascertained.  This  idea,  so  well  founded  upon  the  nature 
of  the  clinical  course  of  the  disease,  with  its  violent  onset  and  equally 
rapid  defervescence,  led  mun\  of  the  earlier  bacteriologists  to  make  it  the 
subject  of  their  investigations — a  subject  made  doubly  difTicult  by  the 
abundant  bacterial  flora  found  normally  in  the  upper  respiratory  pas- 
sages, and  by  the  fact,  which  is  now  recognized,  that  lobar  and  other 
pneumonias  are  by  no  means  always  caused  by  one  and  the  same  micro- 
organisms. 

Cocci  of  various  descriptions  andcultural  characteristics  were  isolated 
from  pneumonia  cases  by  Klebs,'  Koch,*  Giinther,*  Talanion,*  and  many 
others,  which,  however,  owing  to  the  in.sufficient  differential  methods  at 
the  command  of  these  investigators,  can  not  positively  be  identified 
with  the  microorganism  now  known  to  us  iis  Diplococcus  pneumonise 
or  the  pneumococcus.  Although  thus  unsuccessful  as  to  their  initial 
object,  these  curly  investigations  were  by  no  means  futile,  in  that  they 
gave  valuable  information  regarding  the  manifold  bacterial  factore 
involved  in  acute  pulm(>nar>-  disea'^e  and  incidentally  led  to  the  dis- 
covery l>y  Friediander "  of  IJ.  mucosus  capsulatus. 

Communications  upon  lance-shape<l  cocci  found  in  saliva,  and 
capable  of  producing  septicemia  in  rabbits,  were  published  almost  simul- 
taneously by  St€rnl)ei^  *  and  by  Pasteur '  in    1880.     These   workera 

<  KUba,  Arch.  f.  exp.  Path.,  1873. 
'Koch,  Mitt.  a.  (i.  kais.  OesundheitMunt,  Bd.  1. 
'GuntfuT,  I>cut.  moil.  Woch.,  1882. 
*  Talanxon.  Progr.  mM.,  1883. 
* FrxtdUimlrr ,  Virchow's  .\rch..  Ixxxvii. 
*SUTnberg,  Nnt.  Boanl  of  Health  Bull.,  1881. 
» Patewr,  Bull,  de  I'aoiil.  de  ni<xl.,  1881. 
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beyond  rctisonablp  doubt  were  dfahng  with  the  true  pneumoeoccus,  but 
I  did  not  in  any  way  tissociate  the  niiri-noi-ganisms  tiiey  desoribetl  with 
I  lobar  pneumonia.  The  solution  of  this  problem  was  reserved  for  the 
lalmrs  of  A.  Frankel '  and  \Veichsell)aiini '  who  published  their  results, 
iniie|)endcntly  of  each  other,  in  188(i,  demonstrating  beyotnl  (pies-tion 
I  tliat  the  pncumococcus  is  the  etiological  factor  in  a  large  majority  of 
of  lobar  pneumonia. 
Moiphology  and  Staining. — The  morphology  of  the  pneumococcus  is, 
in  general,  one  of  the  most  valuable  guides  to  its  identity. 

When  typical,  the  pneumococcus  is  a  rather  large,  lancet-shape<l  coc- 
cus, occurring  in  pairs,  and  surrounded  l>y  a  definite  and  often  wide 
capsule,  which  usually  includes  the  two  appro.ximated  cocci  without  a 
definite  indentation  opposite  their  lines  of  divisiorr  The  pneuumcocci 
may.  however,  occur  singly  or  in  short  chains,  and  even  fairly  long 
chains  are  not  infrequently  met  with  under  artificial  cultural  conditions. 
This  may  1)e  chiefly  due  to  the  cultural  conditions  or  may  l>c  a  promi- 
nent characteristic  of  certain  strains.  ApjKirently  the  capsules  of  or- 
ganisms making  up  the  chains  are  continuous;  wavy  indentations  are 
usually  present,  however,  in  the  capsule  of  chains,  and  at  times  distinct 
divisions  are  olwerved. 

The  chief  variations  from  the  typical  morphology  consist  either  in 
the  assumption  of  a  more  distinctly  spherical  coccus  type,  or  in  an 
elongation  approximating  the  bacilhiry  form.  Under  certain  conditions 
of  artificial  cultivation  a  distinct  flattening  of  the  organisms,  particularly 
of  those  making  up  cliains,  may  be  seen,  and  even  the  iuii>ression  of  a 
longitudinal  line  of  division,  characteristic  of  many  streptococcus 
cultures,  is  not  infrequently  gained. 

The  capsules  under  certain  conditions,  especially  in  artificial  media, 
may  lie  absent  or  not  demonstral)le,  and  in  certain  strains  capsules  ap- 
parently may  not  be  present  under  any  conditions.  Practically  any  of 
the  (lescril)ed  variations  may  dominate  one  and  the  same  culture  under 
different  or  even  apparently  the  same  conditions  of  cultivation,  and  all 
!  fcrades  may  occur  in  capsule  development,  from  its  typical  formation 
through  all  variations,  to  its  total  and  ap]>arently  permanent  absence. 

The  presence  or  ab.sence  of  capsules  ilepends,  to  a  large  extent,  upon 
the  previous  environment  of  the  pneumococci  under  observation.  The 
.most  favorable  conditions  for  the  dcvcloiJtnrut  or  preservation  of  the 
pneumococcus  capsule  arc  found  in  the  body  Hiiicts  of  man  and  animals 

'A.  Franktl,  Zeit.  f.  klin.  M(<l.,  x,  IS«0. 

»  WeUhKlbaum,  Med.  Jahrbdcher,  Wien,  1886. 
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suffering  from  pneumococcus  infection.  For  instance,  capsules  may  be 
demonstrated  with  ease  by  the  usual  capsule-staining  metho<ls  in  the 
blood,  scrum,  and  inflammatory  exudate  of  the  infected  rabbit  and 
white  mouse.  Capsules  may  be  equally  well  marked  in  the  fresh  sputum 
of  pneunujiiia  patients,  especially  in  the  early  stages  of  the  disease  and 
in  the  exudate  nccompanying  such  pneumococcus  infections  as  menin- 
gitis, otitis  media,  anil  euipyenia.  In  sputum  and  the  exudates  of 
various  localized  infections,  the  organisms  are,  however,  frequently 
degenerated  or  under  chemical  conditions  unfavorable  for  capwule 
staining,  and  satisfactoiy  results  arc  not  then  easily  oittaincd.     The 


Fio.  75. — Pneumococci,  Qrowm  on 
Log.  1  lf.k'h  Serum.  (Capsule  stain 
by  genf.an-violot-potassium-carbonate 
ri.elhod.) 


Fiu.  70.  r.M;i. MutocLi,  moM  Rab- 
bit's Hbart  BLotjD.  (t'upsule  stain  by 
co])[H'r-sulj)h!ite  inelhoii.) 


same  is  often  true  of  the  scrapings  from  lungs  of  patients  dead  of 
pneumonia,  even  in  the  stage  of  red  hepatization. 

In  artificial  cultivation,  if  the  nutrient  medium  is  not  milk  or  does  not 
contain  .serum,  capsules  can  not  usually  be  ilemonstrated  by  the  ortllnary 
meth(tds  of  preparing  and  staining.  Capsules  may,  however,  with  much 
regularity  lie  demonstrated  on  pneumococci,  in  agar,  broth,  or  on  almast 
all,  if  not  all,  artiilcial  media,  irresix-ctivc  of  the  length  of  time  the  organ- 
isms have  been  under  artificial  cultivation  if  beef  or  rahl)it  serum  is  used 
as  the  diluent,  when  they  are  .spread  on  the  cover-glass  for  staining.' 

The  pneumococcus  is  non-motile  and  possesses  no  flagella.  Spores 
are  not  formed.  Swollen  and  irregular  involution  forms  are  common 
in  cultures  more  than  a  dav  old. 


'  HiM,  Cent.  f.  Bakt.,  zxxi,  1902;  Jour.  Exp.  Med.,  vi,  1905. 
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The  pneumococcus  is  stained  readily  with  all  the  usual  aqueous 
anilin  dyes.  Stained  by  the  method  of  Gram,  it  is  not  decnlrnized. 
Special  methods  of  staining  have  been  devised  for  demonstra- 
tion of  the  capsule.  The  ones  most  generally  used  are  the  glacial 
acetic-acid  method  of  Welch  '  and  the  copper-sulpliafe  method  of  Hiss.' 
More  recently  Buerger  ^  has  devised  a  more  complicated  method  for 
staining  capsules,  for  which  he  claims  differentia!  value.  (For  methods 
section  on  Technique,  p.  9H.) 

For  simple  staining  of  pneumococci  in  tissue  sections,  the  Gritm- 
eigert  technique  is  excellent.     For    demonstration   of  the   capsules 
tis,sue  sections,  Wadsworth  *  has  described  a  .simple  method. 
Cultivation  and  Isolation. — The  pneumococcus  being  more  strictly 
rasitic  than  many  other  bacteria,  presents  greater  difficulties  in  its 
ultivation.     On  incat-extract  media  growth  does  nnt  fake  place  with 
ularity.     On  those  media,  however,  which  have  beef  or  veal  infusion 
If  their  basis,  growth  can  be  obtained  with  considerable  reguiaritj'. 
though  such  growth  may  lie  sparse  and  delicate. 
Growth   takes  place  most  regularly  at  a   temjMjrature  of  37.5°  C. 
velopment  does  not  usually  occur  below  25°  nor  above  41°('.°     At 
rdinar>'  room  temperature,  18-22°  C,  the  temperature  used  for  gelatin 
lullivation.  growth  either  does  not  take  place  at  all  or  is  exceedingly 
;ow  and  unencrgetic. 
Aerobic    and    anaerobic   conditions    both    permit    the   growth    of 
pneumococcus,  there  ix'ing  very  little   difference  in  speed  or  extent 
of  growth  along  the  course  of  ileep  stab  cultures  in  favorable  media. 

I 'he  most  favorable  reaction  of  media  for  the  cultiv.ation  of  this  micro- 
rganism  is  neutrality  or  very  slight  nlkalinity.  Slight  acidity,  how- 
ver,  if  not  exceeding  eight^tenths  per  cent,  does  not  materially  hamper 
evelopment. 
The  growth  of  pneumococci  on  all  media  may  be  eon.siderably 
enhanced  by  the  addition  to  these  media  of  animal  or  human  serum  or 
;whole  blood.  Adilitional  .substances  which,  among  others,  unnuestion- 
,bly  have  a  favorable  influence  upon  pneumococcus  growth,  are  glucose, 
nutrose,  and  glycerin.  The  addition  of  the  latter  substances  to  the 
media,  however,  probably  because  of  acid  formation,  hastens  the  death 


I  Welrh.  Johns  Uopk.  Ho.sp.  Bull.,  xiii.  1.S92. 

'  Hiss,  C^nt.  f.  Biikt.,  3uud.  liMJ2:  Jour.  Exp.  Med,,  vi,  1905. 

*  Buerger,  Medical  News,  lx.xxviii.  1904. 

•  Wadtworth,  "  Studies  by  the  Pupil.s  of  W.  T.  Sedgwick,"  Chicagp,  J896. 
*A.  Frankd,  Dent.  med.  Woch.,  xiii,  1S86. 
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of  piieumococcuB  cultures.  An  increase  of  fho  amount  of  pcpton 
used  for  the  preparation  of  media  is  desirable  for  tlie  cultivation  of 
this  microorganism;  two  to  four  per  cent  of  pepton  may  be  foimd 
advantageous. 

In  suitably  alkaline,  nutrient  irolh,  growth  is  rapid,  and  within 
twenty-four  hours  leads  to  slight  clouding  of  the  fluid.  This  clouding, 
as  a  rule,  eventually  disappears  as  the  microorgiuii.sins,  sinkinj;  to 
the  bottom  of  the  tube  or  disintegrating,  leave  the  fluid  more  or 
less  clear.  In  broth,  pneumococci  have  a  tendency  to  form  short 
chains.  When  gluco.se  has  been  added  to  the  bnjth,  growth  is  more 
rapid  and  profuse,  but  considerable  acid  formation  causes  the  cultures 
to  die  out  rapidly.  It  is  possible,  however,  to  employ  glucose  as  a 
growlh-enhuncing  element  in  l)roth  culttwes  without  interfering  with  the 
viability  of  the  cultures  by  adding  small  quantities  (one  per  cent)  of 
sterile,  powdered  calcium  carlx>nate.  This  method  of  cultivation  in 
brothisesf>ecially  adapted  to  the  production  of  ma.s.s  cultures  forpurposcs 
of  immunization  or  agglutination.'  The  addition  of  ascitic  fluid  or  bliXKl 
serum  to  broth,  in  the  proportion  of  one  to  three,  makes  an  extremely 
favorable  medium  in  which  growth  is  rapid  and  profuse. 

Upon  agar  plates,  pncumococcus  growth  is  not  unlike  that  of  strepto- 
coccus. The  colorties  are  small,  round,  and  slightly  more  transparent 
than  those  of  the  streptococci.  They  appear  more  moist  than  strepto- 
coccus colonies  and  often  are  more  flat.  Micro.scopically  examined,  t''.t' 
colonies  are  finely  granular,  with  dark  centers  and  slightly  corrugatrnl 
lighter-colored  peripheral  aresis.  Under  high  magnification  no  such  in- 
tertwining convolutions  can  be  seen  as  tho.se  noticed  under  sinu'ar 
magnification  in  streptococcus  cultures.  The  addition  of  animal  albu- 
min to  agar  resuit,s  in  the  more  rapid  development,  larger  size,  ami  <leei)er 
opacity  of  the  cohinies. 

A(jar  stab  cultural  show  growth  within  twenty-four  to  thirty-six 
hours,  which  takes  place  with  equal  thickness  along  the  entire  course  of 
the  stab.  There  is  nothing  distinctive  in  these  cultures  to  dififerentiatc 
them  from  similar  streptococcus  cultures. 

In  gelatin  plate  and  stab  ailture«  at  22°  C,  growth ,  as  a  rule,  does  not 
take  place.  This,  however,  is  not  true  of  all  races  of  pneumoc<«'ci. 
Occasionally  strains  are  met  with  which  will  grow  fairly  abundantly  in 
gelatin  at  a  temperature  of  22°  C.  When  the  gelatin  is  rendered  i>uf!i- 
ciently  firm  to  bear  25°  to  26°  C.  without  melting,  growth   appears 


DIPLOCOCCUS  PNEUMONLE 


357 


*  slowly  and  sparsely  as  miniitp,   p;ra\nsh-wliite,  transparent  colonies. 
The  gelatin  is  not  liquefied  by  the  organiMnis. 

Growth  upon  milk  is  profuse,  resulting  iu  the  production  of  acid  and 
coiigulation  of  the  medium.  Riiccs  are  encountered  in  which  this  is 
Buppressetl  and  coagulation  in  milk  is  absent  or  long  delaye*!. 

Upon  poUito,  thin,  gray,  moist  growth  occurs,  hardly  visible  and  in- 
I  distinguishable  from  an  increased  moisture  on  the  surface  of  the  mwtiiun. 
Upon  Locffler's  cmigvluled  blood  serum,  the  pneumococcus   devi'lops 
I  into  moist,  watery,  diacrcte  colonies  which  tend  to  tlisappear  by  a  drjdng 
[out  of  the  colonies  after  some  dajT<,  differing  in  this  from  streptococcus 
colonies,  which,  though  also  discrete,  arc  usually  more  opaque  and 
whiter  in  appearance  than  those  of  the  pneumococcus  and  remain  un- 
changed for  a  longer  time.    This  medium,  a.s  will  be  seen,  is  useful  in 
differentiating  pneumococci  from  the  so-called  Streptococcus  mucosus. 
Upon  mixtures  of  whole  rabbit's  blood  and  agar,  the  pneumococcus 
[grows  well,  and  forms,  after  four  or  five  da.vs,  thick  black  surface  colo- 
^nies,  not  unlike  sun  blisters  on  red  paint.     These  colonies  are  ea-^ily 
tinguished  from  those  of  streptococci,  and  are  of  considerable  (hfTer- 
^ential  value.' 

Pneumococcus  colonies  on  blood  plates  may  cause  a  slight  halo  of 
hemolysis  and  mcthemaglobin  formation  after  48  hours  or  longer  in 
the  incubator. 

Ciuaniieri  *  ha.s  recommended  a  metliura  with  a  pepton-beef-infusion 
I  basis  rendered  semisolid  bj'  mixtures  of  agar  and  gelatin.    A  modifica- 
ftion  of  this  medium  has  been  describetl  liy  Weleli  ^  and  has  btven  much 
'  employed.    Cultivation  within  eggs  and  upon  egg  meilia  *  has  been  used. 
Wadsworth  *  has  recommended  a  medium  composed  of  ascitic  fluid  to 
which  agar  has  Jieen  added — sufficient  to  give  a  soft  jelly-like  consist- 
ency.    He  observed  prolonged  viability  and  the  preservation  of  the 
virulence  on  this  medium. 

For  the  purpose  of  differentiating  pneumococci  from  streptococci, 

'  Hiss  '  devised  a  medium  of  beef  serum  one  part,  and  distilled  water  two 

parts,  to  which  is  added  one  per  cent  of  inulin  (c.  p.),  and  enough  litmus 

.to  remler  the  medium  a  dear,  transparent  blue.     By  fermentation  of 

the  inulin  the  pneimiococcus  acidifies  this  mixture,  causing  cotigulatiun 

of  the  serum.    Streptococci  do  not  fennent  inulin. 


>  Hit*,  kx!.  cit.  •  Weich,  Johns  Hopk.  Hosp.  Bull.,  iii    1892. 

*Oiiamiai,  Alt.  rtell'  .■Vc-ad.  di  Roma,  188.3.       * Sdavo,  Uiv.  d'lKienc,  IKiM. 
»  Wadiwaiih,  Prop.  N.  Y.  P«th.  Soc.,  1903. 
*Hiu,  Jour.  Exp.  Med.,  vi,  1905. 
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For  the  isolalwn  of  pneumococci  from  mixed  cultures  or  from  mate- 
rial ccmtaiaing  other  species,  such  as* sputum,  surface  smears  of  the 
material  arc  made  upon  plates  of  neutral  glucose-agar,  giucose-seruin- 
agar,  or  blood  agar.  According  to  the  nuini>cr  of  bacteria  present  in 
the  infected  material,  it  may  be  smeared  directly  upon  the  plate,  or 
diluted  with  sterile  broth  tieforc  planting.  After  incubation  for  twenty- 
four  hours,  the  pneumococcus  colonies  are  easily  differentiated  from  all 
but  those  of  streptococcus.  With  practice,  however,  they  may  be  dis- 
tinguished from  these  also,  by  their  smoother  edges  and  greater  trans- 
parency and  flatness. 

For  the  isolation  of  pneumococci  from  sputum,  the  sputum  may  be 
w.<i.shed  by  gently  rinsing  in  8ucces.sive  watch  gUv'ises  containing  salt 
solution,  then  rubbed  up  in  a  glass  tul)e  or  mortar  witli  a  little  broth  ^ 
and  injected  into  a  whit«  mouse,  either  into  the  base  of  the  tail  or  into  ■ 
the  peritoneum,  taking  great  care  not  to  puncture  the  liver.  If  virulent 
pneumococci  are  present,  death  will  occur  within  24  hours  or  there-  ^ 
abouts.  Pneumococci  will  be  found  in  pure  culture  in  the  heart's  I 
blooil,  and  in  large  amounts  in  the  peritoneal  exudate. 

Resistance. — On  artificial  media,  the  viability  of  the  pneumococcus 
is  not  great.  Cultures  upon  agar  or  bouillon  should  be  trimsplanted 
everj'  third  or  fourth  day,  if  the  cultures  are  kept  within  an  incubator. 
In  all  media  in  which  rapid  acid  formation  takes  place,  such  as  glu- 
cose media,  the  death  of  cultures  may  occur  more  rapidly.  In  media 
containing  albumin  and  of  a  proper  reaction,  proser\'ation  for  one  or 
even  two  weeks  is  possible.  The  longer  the  particular  race  has  been 
kept  upon  artificial  media,  the  more  profuse  is  its  growth,  and  the 
greater  its  viability,  Ijoth  qualities  going  hand  in  hand  with  diminish- 
ing para.siti.sm.  The  length  of  life  may  be  much  increased  by  preserva- 
tion at  low  temperature,  in  the  dark,  and  by  the  exclusion  of  air.  In 
calcium  earlwnate  broth  and  kept  in  the  ice-chest,  cultures  may  often 
remain  tUive  for  months. 

Neufeld  has  succeeded  in  keeping  pneumococci  alive  and  virulent, 
by  taking  out  the  spleens  of  mice  dead  of  pneumococcus  infection  and 
preserving  them  in  a  Petri  dish  in  a  dessicator,  in  the  dark  and  cold,  lu 
this  way,  the  organisms  can  be  cultivated  from  the  spleen,  and  will  be 
found  virulent  for  longer  periods  than  in  culture  media. 

In  sputum  the  viability  of  pneumococci  seems  to  exceed  that  ob- 
served in  culture.    The  studies  of  Guarnieri,'  Bordoni-Uffreduzzi,*  and 

•  Ouamieri,  Alt.  dolla  R.  Apj\d.  Med.  di  Roma,  iv,  1888. 

*  Bordoni-Uffredtun,  Arch.  p.  1.  sc.  med.,  xv,  1891. 
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othrrs  have  shown  that  pnpumococri  slowly  dried  in  epiitum  may  re- 
main alive  and  virulent  for  1  to  4  months,  when  protected  from  light; 
and  as  long  as  nineteen  days  when  exposed  to  diffused  light  at  room 
t<'mperature.  Experiments  by  Ottolenphi '  have  confinnctl  these  re- 
sults; the  virulence  seems,  in  Ottolenghi's  experiments,  to  have  become 
considerably  attenuated  Ix^fore  death  of  the  cocci.  Recent  studies  by 
Wood,'  whose  attention  was  focusecl  chiefly  upon  pneumocot^eus  viability 
in  finely  divicted  sputum — in  a  condition  in  which  inlialation  transmission 
would  be  possible — have  shown  that  pneumococci  survive  for  only  about 
one  and  one-half  hours,  under  ordinary  conditions  of  light  and  tempera- 
ture.    Exposetl  to  strong  sunlight  pneumococci  die  off  within  an  hour. 

Low  temperatures  slightly  above  zero  are  conducive  to  the  pro- 
longation of  life  and  the  preservation  of  virulence. 

The  resistiuice  of  the  pneumococcus  to  heat  is  low,  52°  C.  destroying  it 
in  ton  minutes.'  To  gennicidal  agents,  carbolic  acid,  bichlorid  of  mer- 
cury, permanganate  of  potiissium,  etc.,  the  pneumococcus  is  sensitive, 
being  destroywl  by  weak  solutions  aftc^r  short  exposures. 

The  disinfection  of  sputum,  difficult  because  of  the  prot^ective  coat- 
ing of  the  secretions  alxtut  the  bacteria,  has  Vjecn  recently  studied  by 
Wadsworth.*  The  conclusions  reached  by  this  writer  indicate  that 
pneumococci  in  exudates  are  most  rapidly  destroyed  by  twenty  per  cent 
alcohol,  other  and  stronger  disinfectants  l>eing  less  efficient,  probably 
because  of  slighter  powers  of  fliffusion. 

Virulence  and  Pathogenicity. — The  virulence  of  pneumococci  is  sub- 
ject to  much  variation,  depending  upon  the  length  of  time  during  which 
it  has  l>een  cultivated.  It  h;is  l)een  mentioned  above  that  uniler  condi- 
tions such  as  those  prevailing  in  dried  sputum  or  blood  '  the  virulence  of 
pneumococci  may  be  preserved  for  several  weeks.  Ordinarily,  the 
virulence  diminishes  as  the  cocci  adapt  themselves  to  life  upon  artificial 
media.  Upon  media  containing  animal  albumin,  such  as  ascitic  fluid  or 
blootl  agar,  this  attenuation  is  less  rapid  than  upon  the  simple  meat^ 
infusion  preparations. 

In  the  blood  of  rabbits  dead  of  a  pneumococcus  infection,  taken 
directly  into  sterilized  tulies,  sealed  and  kept  in  the  dark,  Foa  '  has  been 
able  to  preserve  the  virulence  of  pneumococci  for  as  long  fis  forty-five 
days.  Presc^rvation  in  the  spleen  of  animals  deatl  of  pneumococcus 
infection,  as  practiced  by  Neufeld,  has  been  mentioned  above.  Wliethcr 

'  OltaUnghi,  Cent.  f.  Biikt.,  xxv.  1S89.        '  Wooii,  Jour.  Exp.  Med.,  vii,  ISO.'i. 
•  Sternberg,  Cent.  f.  Bakt.,  xii,  )S[»1.  ♦  WaiUtiwIh,  Jour.  Inf.  Diseases,  iii,  1806. 
»  Gvamieri,  loc.  cit.  •  Poa,  Zeit.  f.  Hyg.,  iv,  1888. 
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or  not  the  virulcnpo  of  pneiunococci  is  attenuated  by  sojourn  within  the  I 
human  Ixwly  during  disease  is  uncertain.  The  attenuation  of  virulent  I 
pneiunococci  on  artificial  media  may  Iw  hastened,  according  to  Friinkel,'  ■ 
l>y  cultivation  of  the  organism  at  or  alx)ve  a  temperature  of  41°  C.         ■ 

The  virulence  of  attenuated  cultures  may  l)e  rapidly  enhanced  hy  I 
passage  of  the  organisms  through  the  bodies  of  susceptible  animals.  ■ 
The  virulence  of  .strains  may  be  so  enlianced  that  one  one-millionth  of  ■ 
a  c.c.  will  kill  a  mouse.  I 

Among  the  domestic  animals  white  mice  and  rabbits  are  most  sua-  H 
coptiljle.  Guinea-pigs,  dogs,  rats,  and  cats  are  much  more  resistant.  ■ 
Birds  are  practically  immune.  I 

The  results  of  pneimiococcus  inoculation  into  su.sceptible  animals  ■ 
vary  according  to  the  size  of  the  dose,  the  virulence?  of  the  introduced 
bacteria,  the  mode  of  administration,  and  the  susceptibility  of  the 
subject  of  the  inoculation.  Subcutaneous  inoculation  of  virulent 
pneumococci  into  mice  and  rabbits  usu.ally  results  in  an  edematous 
exudation  at  the  point  of  inoculation,  which  leads  to  septicemia  and 
death  within  twenty-four  to  seventy-two  or  more  hours.  When  the  Jj 
dose  has  been  extremely  small  or  the  culture  unusually  attenuated,  a 
localized  alwcess  may  be  the  only  residt.  Intravenous  inoculation  is 
usually  more  rapiflly  fat^il  in  these  animals  than  the  subcutaneous 
method.  Intraperitoneal  inoculation  in  rabbits  results  in  the  fonnation 
of  a  rapidly  spreading  peritonitis  in  which  the  exudates  arc  apt  to  be 
accompanied  by  a  deposit  of  fibrin,  and  to  lack  the  transparent  red  color 
so  often  causetl  by  the  heraolyzing  streptococci.  With  very  virulent 
strains,  these  differences  are  less  marked.  In  almost  all  of  these  infec- 
tions death  is  preceded  by  septicemia  and  the  microorganisms  can  be 
recovered  from  the  heart's  blood  of  the  victims. 

The  proiluction  in  animals  of  lesions  comparable  to  the  lobar  pneu- 
monia of  human  subjects  has  lx»cn  the  aim  of  many  investigators. 
Wadswortli,  -  recognizing  that  such  lesions  probably  depended  upon  the 
jiartial  immunity  which  enablinl  the  infected  subjects  to  localize  the 
pneumococcua  proces.ses  in  the  lungs  after  infection  by  way  of  the 
respiratory  passages,  succeeded  in  producing  tjpical  lobar  pneumonia 
in  rabbits  by  partially  immunizing  these  animals  and  inoculating  them 
intratracheally  with  pneumococci  of  varying  virulence.  Lamar  and 
Meltzer  •  produced  lobar  pneumonia  in  dogs  in  1912  by  injecting  cul- 

» FrOnkel,  Dcut.  med.  Woch.,  13,  IH86. 

»  Wadtworlh,  Amer.  Jour.  Med.  8ci.,  May,  1904. 

'  Lamar  und  MtlUtr,  Jour.  Exp.  Med.,  xv,  1012. 
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lures  in  the  bronchi  and  blowing  them  into  the  finer  bronchioles  with 
[air.  Similar  experiments  have  been  made  by  Wintemitz  and  Hirsch- 
|felder.« 

In  man,  the  mosrt  frequent  lesion  proflueed  by  the  jineuraococcus  is 

icute  lobar  pneumonia.     About  ninety  per  cent  of  all  cases  of  this 

I  disease  are  caused  by  the  pneumococcus,'  the  remainder  being  due  to 

[Btreptococci,  influenza  bacilli,  Friedliinder's  bacilli,  and  exceptionally 

I  to  other  microorganisms.     Lobular  pneumonia  is  caused  by  the  pneu- 

mococcus  -with  almost  equal  regularity.     Infection  in  pneumonia  prob- 

lably  occurs  through  the  lung,  and  in  such  experiences  as  those  of  the 

French  anil  j^nericans  at  Panama  and  those  of  the  English  in  the  South 

I  African  diamond  mines,  it  would  ajjpear  that  pneumonia  might  Idc  a 

\  contagious  disease.     According  to  Ci^le, '  when  pneiunonia  is  secondary 

j^septicemia  it  is  usually  of  the  lobular  tjTie.     Experin\ents  of  Meltzer 

to  indicate  that  infection  is  facilitated  by  closure  of  the  small 

bronchioles,  and  cold  or  chilling  may  possibly  stimulate  the  mucous 

glands  so  as  to  plug  these. 

In  the  discussions  given  below  concerning  the  types  of  pneumococci, 
it  will  appear  that  the  type  of  pneumococcus  found  in  the  lung  not  often 
coincides  with  that  found  in  the  mouths  of  nonnal  individuals.  The 
types  I,  II  and  III,  ac<^ording  to  Dochez  and  Avery,*  are  found  only  in 
aasociation  with  the  disease,  but  the  fourth  group  is  the  one  which  is 
found  in  sputum  of  many  normal  individuals.  A  person  in  contact 
with  a  pneumococcus  patient  may  i)ossiJ>ly  ciu-rj'  the  more  virulent 
groups  in  his  mouth,  thus  constituting  a  pneumococcus  carrier.  During 
the  course  of  these  disejises  the  cocci  are  found  in  large  numbers  within 
the  pulmonary  alveoli,  and  in  the  capillaries  and  Ijnnph  vessels  of  the 
lung.  Whether  or  not  th<?  pneumococci  enter  the  blomt  stream  in  all 
these  cases  is  a  question  not  yet  definitely  settled.  Friinkel  °  states  it  as 
his  lielief  that  in  most,  if  not  in  all,  cases,  the  diplococci  at  some  time 
during  the  diseases  could  lie  found  in  the  circulating  blo<;»d.  Prochaska 
in  a  st>idy  of  ten  un-selected  cases  obtained  positive  y>lood  cultures  in 
every  one  of  them.  A  review  of  the  literature  upon  the  rjuestion  indi- 
cates pijsitive  blood-culture  findings  in  certainly  over  twenty-five  per 
cent  of  the  csnaes. 


'  Winlemitz  and  Ilirnrhfelder,  Jour.  Exp.  Meil.,  xvii,  1913. 

•  Netlcr,  C!ompt.  reml.  ilc  In  soc.  de  biol.,  1890. 
'Cole,  Harvey  Lecture,  New  York,  Dec.  13,  1913. 

*  DocKa  and  Avery,  Jour.  Exper.  Med.,  xxi,  1915. 
*FTanM,  "v.  I>eyden  Fe«t»cbr-,"  1902. 
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In  mm  plications  of  pneumonia,  pnoumorocci  are  found  usually  in 
ilip  pleura  where  they  may  cause  a  simple  dry  pleurisy  or  even  empy- 
ema. Less  frequently  they  may  cause  pericarditis  and  endwarditia. 
Meningitis  may  he  either  secondary  to  pneumonia  or  independent. 
Such  cases  are  grave,  almost  invarial)ly  ending  in  tleath.  Other  lesions 
which  may  be  caused  by  pncuraococci,  either  as  post-pneumonic  proc- 
esses or  without  previoiis  pneumonia,  are  otitis  media,  osteomyelitis, 
and  artiiritis.  Cases  of  pneumoooccus  peritonitis  occur  sometimes 
secondarj'  to  appendicular  inflammations,  occasionally  without  traceable 
portal  of  entrj'.  Severe  catarrhal  conjunctivitis  may  be  caused  by  these 
diplococci,  usually  during  the  course  of  a  pneumonia.  ITlcerative 
endocarditis  with  pneumococcus  septicemia,  apparently  independent  of 
a  pulmonary  lesion,  is  not  infrequent. 

Toxic  Products  of  the  Pneumococcus. — Our  knowledge  of  pneumococ- 
cus poisons  is  still  very  imperfect.  Attempts  to  obtain  soluble  toxins  by 
the  filtration  of  cultures  have  been  practically  unsuccessful.  G.  and  F. 
Klemperer,'  Mennes,^  Pane,'  Fon  and  Carbone,*  and  others  failed  to 
obtain  pneumococcus  filtrates  of  any  degree  of  toxicity,  though  working 
with  highly  virulent  strains.  The  feeble  toxin  so  obt£uned  produced  no 
antitoxin. 

The  general  failure  to  procure  strong  soluble  poisons  from  cultures, 
gives  weight  to  the  assumption  that  the  most  potent  toxic  products  of 
pneuraocofci  are  in  the  nature  of  endotoxins  and  closely  bound  to  the 
cell-bodies  themselves.  This  assumption  is  borne  out  by  the  more 
recent  experiments  of  Macfadyen.'  This  author  obtained  acutely 
poisonous  substances  from  pneumococci  Ijy  triturtition  of  thc>  organisms 
after  freezing,  and  extracting  them  with  a  one  1  :  l,(X)n  caustic  potash 
solution.  With  the  filtrates  of  these  extracts  he  w-jis  able  to  cause  rapid 
tleath  in  rabl)its  anrl  guinea-pigs  by  the  use  of  doses  not  exceeding  0.5 
to  1  c.c.  He  found,  furthermore,  a  striking  parallelism  between  the 
degree  of  toxicity  ami  the  vinilence  of  the  extracted  culture.  Cole,* 
too, in  recent  studies,  inclines  to  the  belief  that  the  poisons  of  the  pneu- 
mococcus are  in  the  nature  of  endotoxins  and  has  produced  toxic  sub- 
stances by  salt  solution  and  bile  extraction  of  the  organisms. 

Immunization. — Recovery  from  a  spontaneous  pneumococcus  in- 


I 


'  G.  and  F.  Klemperer,  Bcrl.  klin.  Woch.,  xxxiv  and  xxxv,  1891. 

>  Menne*,  Zeit.  f.  Hyg.,  xxv,  1897.  '  Paive,  Rif.  med.,  »d,  1898. 

*  Fita  iiiid  Crlmtu:,  Cent.  f.  Bakt.,  x,  1899. 
*Macfn<liirn.  Hrit.  Mod.  .four.,  ii,  IJMXi. 

•  CoU,  Harvey  Lecture,  .\.  Y.,  Dec.,  1913. 
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fection  confers  immunity  for  only  a  .short  period.  Two  and  throe  attacivs 
of  lobar  pneumonia  in  the  same  individual  are  not  unusual,  and  it  is 
uncertain  whether  even  a  ti-mpttrary  immunity  is  aeqnirod  in  .such 
infections.  Active  immunization  of  laboratory  animals  may  i)e  carrietl 
out  by  various  methods.  The  method  xisually  followed  is  to  begin  liy 
injecting  attenuated  '  or  dead  bacteria  or  bacterial  extract.s.  Subse- 
quent injections  are  then  made  with  gradually  increasing  doses  of  living, 
virulent  microorganisnis.  Great  care  in  increasing  the  do.sage  should 
be  exercised  since  the  loss  of  an  anima!  after  two  or  tliree  weeks'  treat- 
ment by  a  carelessly  high  dose  of  pncmnococci  is  not  unusual.  Wads- 
worth  centrifugalizes  freslily  growTi  pneumococcus  cultures  and  to  the 
pneumococcic  sediment  adds  a  definite  quantity  of  concentrated  salt 
solution.  At  the  end  of  12  hours,  the  pneuiuococei  are  dead  luid  con- 
siderable destruction  of  the  cell-lwdies  has  taken  place.  Dilution  with 
water  until  the  solution  equals  0.85  per  cent  NaCl  now  prepares  the 
emulsion  for  inoculation.  The  sera  of  animals  immunised  with  pneu- 
mococci  contain  active  bact^ricidivl  substances. 

Specific  agglutinirui  in  pneumococcus  immune  sera  were  first 
thoroughly  studied  by  Neufeld  -  and  since  then  have  been  made  the 
subject  of  extensive  studies  by  Wailsworth,'  Hiss,*  and  many  others. 
For  the  sake  of  obtaining  plentiful  gro^vth  for  agglutination  purposes, 
Hiss  has  recommended  cultivation  in  1%  glucose  broth  with  the  addi- 
tion of  small  amounts  of  sterile  calcium  ciirbonato  to  absorb  acid  formed 
from  the  glucose.  Pneumococci  do  not  regularly  agglutinate  in  ilihited 
immune  sera  and  agglutinations  are  best  studied  in  suspensions  of  more 
concentrated  immune  seriun.  Agglutination  begins  at  the  end  of  about 
15  minutes,  and  can  be  studied  both  by  fonnation  of  clumps  and  by  the 
sediment. 

An  entirely  new  turn  has  been  given  to  studies  of  the  pneumococcus 
group  by  the  observation  Ijy  Neufeld  anrl  H:iendel  that  as  regards  reac- 
tions to  inmiune  serum  several  varieties  of  pncmnococci  exist.  Studies 
based  upon  this  observation  of  Neufeld  '  and  his  associates  have  more 
recently  been  made  by  Dochez  .and  Gillespie.'  These  workers  have 
studied  pneumococci  isolated  from  many  different  human  sources,  both 
by  means  of  protection  in  mice  and  by  agglutination.  They  have  accord- 
ingly divided  pneumococci  into  four  groups,  in  which  they  include,  for 

'  RwUUtcahj,  Zeit.  f.  Hyg.,  xxxvii,  1901;  Neufeld,  Z«it.  f.  Hyg.,  .\i,  1902. 

*  NruJeUi,  loc.  cit.         '  WofUworih,  loc.  cit.         *  llUs,  Jour.  Kxj).  Med.,  vii,  1905. 

*  Neufeld  and  Haendd,  Arb.  a.  d.  Kaia.  Ccaunil.,  I'JtO,  x-xxiv,  293. 

*  Dochez  and  GilUapie,  Jour.  A.  M.  A.,  1913,  Lxi,  727. 
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reasoas  mentioned  in  another  place,  the  streptococcus  (seu  pneumococ- 
cus)  mucosas.  Botli  tlic  methods  of  protection  and  ;4y5lutination  per- 
mitted sui'h  n  Krotiping.  Groups  I  and  II  are  made  up  of  organisms 
that  arc  respirlively  identical,  since  the  inemhera  of  each  group  n\act, 
in  protection  and  the  agglutination  experiments,  with  sera  produced 
hy  individuals  of  tlie  same  group.  Group  III  is  distinctive  and  rrprtv 
sents  the  pncurnococrus  mucosu.s,  but  iinnninc  reactions  with  memljers 
of  this  group  are  very  difficult.  Group  IV  is  a  heterogeneous  collection 
of  organisms  which  have  no  distinctive  characteristics,  and  each  individ- 
ual memb<T  set>ms  serologically  isolated.  Thus,  the  only  groups  in 
which  exact  serological  experiments  can  he  made  arc  those  now  classi- 
fied as  I  and  II.' 

In  223  cases  of  lobar  pneumonia  Dochez  finds  the  various  types  dis- 
tributed as  follows: 


I 


Tyjjcs  of 

Number 

Per 

Pncumoeocci 

of  Cases 

Cent. 

I 

78 

.34.97 

n 

76 

33.(5.3 

m 

22 

9.86 

IV 

48 

21.52 

Total  number  of  cases         223 

Groups  I,  II  and  III  seem  to  Isc  most  frequently  associatetl  with  dis- 
ease, whereas  members  of  Group  IV  are  often  found  in  the  mouths  of 
normal  p^-ople.  Groups  I,  II  and  III,  moreover,  are  found  in  the 
sputum  of  normal  indi\aduals  rarely  except  in  association  with  the  dis- 
ease, but  often  in  individuals  who  have  been  closely  associated  with 
cases  of  pneumonia  and  in  convalescents.  Dochez  and  Avery  *  accord- 
ingly suggest  the  possiliility  of  pneumonia  carriers  and  also  oome  to  the 
conclusion  that  pneuinunia  is  rarely  an  autogenous  infection  of  the  lungs 
with  the  organism  hiu-l>ored  fur  a  long  time  in  the  mouth,  but  is  as  a 
rule  an  infection  with  a  virulent  strain  of  pnoumococcus  from  without, 
carriers  furnishing  an  impt>rtant  element  in  the  transmission  from  pa- 
tients to  the  healthy.  Such  contagiousness  is  also  suggested  by  the 
apparent  epidemics  at  Panama  and  in  Africa,  mentioned  in  a  preceding 
paragraph. 

Precipitins  have  been  demonstrated  in  pneumococcus  immune  serum 

>  Recently  Miss  Olinat«ad,  in  our  Inborutory ,  hiu  nbtnined  ret*iilt»  wliinh  prumiae 
the  event  mil  suMivision  of  Group  IV  into  dcfinit*  iJivLsionx. 
*  Doehes  and  Avtry,  Jour,  of  Expcr.  Med.,  1015,  xxi,  1 14. 
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by  Neufcld, '  Wadsworth,'  Hiss,'  and  others,  the  organism  for  such  tests 
being  brouglit  into  solution  either  witii  bile  or  with  eoncentrated  salt 
solution.  Such  sera  also  contain  powerful  opsonic  sulwtanees,  or,  as 
Neufeld  and  Runpau  '  prefer  to  call  thcui,  "  bactcriotropins. "  It  seems 
most  likely  that  such  phagoej-tosis-aitiiiig  substances  are  most  p<>wer- 
fully  concerned  in  protection  ami  cure.  Clough  ^  has  reported  an 
increase  of  opsonins  at  the  time  of  crisis,  and  Dochez  *  has  shown  that 
protective  substances  may  appear  in  the  serum  at  or  soon  after  the 
time  of  crisis.  The  outcome  of  a  case  ac:eording  to  Cole  depends 
'  very  largely  on  the  \arulence  of  the  organism  and  on  the  ability  of  the 
body  6rst  to  limit  the  local  infect  it;)n  and  to  prevent  the  invasion  of  the 
blood  with  the  organisms.  In  this  process,  of  course,  the  protective 
and  opsonic  bacteriotropic  substances  would  play  a  most  important  part. 
The  history  of  attempts  to  produce  sera  for  passive  immunization 
in  man  is  extensive.  Washburn,'  Mennes,'  Pane '  and  many  others 
in  the  past  have  succeeded  in  protecting  animals  with  such  sera,  but 
with  irregular  results.  The  rational  beginning  ba.sed  on  the  recognition 
of  different  pneumococcus  tjqjes  was  made  by  Neufeld  and  Haendel  In 
Germany,  and  carried  to  a  considerable  degree  of  success  by  Cole  and 
his  associates  at  the  Rockefeller  Hospital  in  New  York.  By  the  immun- 
ization of  horses  with  the  various  tj^ies  of  pneuraocoeci  mentioned 
above,  considerable  success  has  attended  the  use  of  sera  produced 
with  TjTJe  I,  and  less  success  but  great  p.-omisc,  that  of  sera  produced 
with  TjTJe  II.  The  injection  of  considerable  quantities  of  the  homolog- 
ous sera  intravenously  at  least  aids  in  sterilizing  the  blood  stream,  and 
upt)n  this  the  eventual  outcome  of  many  Ciuses  may  depend. 

Since  these  methods  whidi  at  present  seem  to  promise  the  establish- 

fmcnt  of  a  definite  specific  senun  therapy  in  this  serious  disease  depend 

'  upon  a  rapid  identification  of  the  type  with  which  the  patient  is  infected, 

I  itl>ecomes  a  part  of  the  work  of  the  bacteriologist  to  control  the  methods 

which  have  been  developed  for  such  determinations.     The  methods  in 

iLse  at  the  present  writing  depend  mainly  upon  the  agglutination  of  the 

strains  in  homologous  sera. 


>  Nn{frlfl,  Zeit.  f.  Hyg.,  1902,  3ci. 
'  Hi»8.  Jour.  Exp.  Med.,  vii,  190.5. 

•  Nn{frU  anrt  liimimii,  Dent.  rncd.  Woch.,  1904. 
» Cloudh.  Johns  Hopkins  Hosp.  Bull,  Oct.,  1013. 

•  Drtc/)«i,  Jour.  E.\p.  Med.,  1913. 

'  WaslAum,  Brit,  Med.  Jour.,  1897. 

•  Pane,  Rif.  Died.,  1897. 


•  Wadsworlh,  loc.  cit. 


•  Mennes,  Zeit.  f .  HyR.,  1897. 
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Tlip  pjttirnt  is  reqiiirfd  to  wash  out  tiis  mouth  with  some  antiseptic, 
iuid  then  expectorate  sputum  obtainctl  by  coughing,  into  a  Petri  dish. 
The  sputum  is  washed  by  lifting  it  througli  a  series  of  watch  glasses 
<'ont;iininK  sterile  salt  solution  and  is  then  ground  in  a  mortar  with  a 
little  salt  solution,  and  the  even  emulsion  so  obtained  is  injected  intra- 
peritonejilly  into  a  whit*  mouse.  A  fine  needle  is  carefully  introduced 
upward  and  inward  from  just  alxtve  Poupart's  ligament.  Puncture 
of  the  liver  may  be  avoided  in  this  way.  .  The  pneumocoeci  develop  in 
the  peritoneum,  and  after  4  to  8  hours  the  mouse  is  killed  and  the  peri- 
toneal cavity  carefully  washed  with  salt  solution  by  niciins  of  a  capillary 
pipette.  The  washings  are  placed  in  a  centrifuge  tube  at  low  speed  for 
several  minutes  to  bring  down  leucocytes.  The  supernatant  fluid  is 
then  centrifugalized  at  high  speed  and  the  pneumocoeci  so  obtained  are 
resuspended  in  salt  solution.  This  suspension  is  then  added  to  equal 
parts  of  the  sera  of  Types  I  and  II  in  dilutions  of  1  :  2.5  and  1  :  10,  with, 
of  course,  proper  controls  and  a  bile  test  to  determine  bile  solubility. 
Agglutinations  can  also  be  made  later  with  broth  cultures  made  from 
the  mouse's  heart's  blood  or  peritoneal  exudate. 

Protection  experiments  for  similar  determinations  CAn  be  carried 
out  by  the  method  shown  in  the  following  protocol  taken  from  the  work 
of  Dochoz  and  Avery: 
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tThe  quantities  in  c.c.  representing  dose  of  culture  refer  to  young 
broth  cultures.) 
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No  headway  hns  been  made  up  to  the  present  time  with  similar 
treatment  against  Types  III  and  IV. 

Occasional  favorable  results  have  been  obtained  by  Hiss  in  the  treat- 
ment of  pneumococcus  infection  in  animals,  and  by  Hiss  and  Zinsser' 
in  the  treatment  of  pneumonia  in  man  with  aqueous  leucocyte  extracts. 
Although  this  work  has  not  been  extensively  folkiwed  antl  has  been  dis- 
appointing in  late  years,  there  is  no  doubt  in  the  mind  of  the  writer 
that  individual  cases  have  been  favorably  influenced.  The  writer  be- 
lieves (differing  from  an  opinion  expresseil  in  earlier  papers)  that  the 
influence  of  such  ieucocjie  extracts  (as,  it  might  be  incidentally  stated, 
he  believes  the  influence  uf  intravenous  injections  of  bacteria  in  typhoid 
and  other  conditions)  consists  in  its  chemotaetic  influence,  i.e.,  its  ten- 
dency to  increase  circulating  leucocj'tes.  The  contrast  between  the  good 
results  in  rabljits  and  the  (ess  striking  results  in  man  may  easily  be  due 
to  the  fact  that  in  rabbit.s  intravenous  injections  were-  prficticed. 

Differentiation  of  Pneumococcus  from  Streptococcus. — Pneumococci 
and  streptococci  which  do  not  differ  in  morphologj'  from  their  classic 
t>-pes  can  usually  lie  dilTerenliated  from  each  other  and  iilentified  by 
their  morphological  characters  without  difficulty;  but  it  is  equally  true 
that  certain  cultures  of  these  organisms,  either  at  the  time  of  tlieir 
isolation  or  after  cultivation  on  artificial  media,  approach  the  tjTpe  of  tl\e 
other  so  closely  that  it  may  be  impossible  to  itlontify  them  l>y  their  mor- 
phology alone.  When  such  morpivological  variations  occur  there  are  no 
constant  cultural  or  pathogenic  characters  as  yet  demonstrated  which 
distinguish  between  tlicse  organisms. 

This  lack  of  distinct  cultural  differences  between  pneumococci  and 
streptococci  has  not  infrequently  led  to  confusion,  and  that  imcertainty 
should  exist  and  mistakes  be  made  in  identification  is  not  surprising 
when  one  considers  the  characters  usually  depended  upon  to  distinguish 
pneumococci  from  streptococci.  Chief  among  these,  as  has  just  been 
implietJ,  are  the  morphological  features  which  are,  in  the  case  of  pneu- 
mococci, a  slightly  lancet  or  elongated  form  rather  than  the  more  typical 
coccus  form  characteristic  of  the  streptococci,  and  an  arrangement  of 
such  cocci  in  pairs  rather  tlian  in  chains;  added  to  these  features  is  the 
possession  of  a  more  or  less  well-defined  capsule.  All  of  these  char- 
acters are  subject  to  variation  or  may  be  absent.  Compared  with  the 
morphological,  the  cultural  characters  arc  variable  anc^  of  minor  im- 
portance.    The  pneumococcus  colonies  on  coagulated  blood  serum  and 

>  ^tw  and  Ziruaer,  Jour.  Med.  Ree.,  xix,  1908. 
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on  agar  are  moister  and  flatter,  and  the  freshly  isolated  pneumococcus 
is  usually  unable  to  develop  readily  or  at  all  on  gelatin  at  below  22°  C. 
The  disttnclneps  of  the  capsule  of  the  pneimiocoeciis  in  (he  body 
fluids  of  man  and  animals  and  on  blooti  serum,  milk,  or  serum  agar, 
has  been  depended  upon  as  the  chief  distinguishing  and  diagnostic 
character.  Nevertheless,  instances  have  been  reported  of  distintt  cap- 
sule formation  by  organisms  which  had  either  been  previously  iden- 
tified as  Streptococcus  pyogenes,  or  at  the  time  of  their  isolatoin  could 
not  be  definitely  identified  as  lielonging  to  this  group  or  to  the  pneu- 
moco(u-i,  but  were  considered  intermediate  in  character.' 

'  Brief  Dt-soription  of  OrKonkiiiB  IlojKjrtoi  lu  Capwilated  Streptoc/XTi. — BorJet 
{Houkt,  Ann.  dp  I'inst.  Pasleur,  1897,  xi,  p.  177),  working  with  an  urKanisrii  previously 
identified  as  Streptocwcus  pyogenes,  described  such  capsule  formation  occurring  in 
tlie  peritoneal  exudate  of  infcct«d  rabbits. 

Schuetz'  (Schurtz,  Cent.  f.  Bakt.,  Rof.  1,  1887,  p.  393)  Diplokokkus  der  Bniat- 
seuche  der  Pfenie,  Poels  and  Nolen's  (PatU  und  Nolrn,  Fort.  d.  Med.,  iv,  1886,  p.  217) 
Btreptoooccus  of  contagious  pneumonia  of  cattle,  and  csjiecially  the  organL^tn  do- 
scribed  by  Bonome  {Bononif,  Ziojtier's  Beit.,  viii,  ISIW,  p.  377)  as  Strept«coccua 
der  meninpti«  cerebrospinalis  epidernicjj,  may  all  be  looked  upon  as  organisms 
diJTcrentiuled  on  insecure  groiimls  from  either  pneumococcus  or  Blreptococcus.  The 
first  two  of  these  organisms,  however,  are  8ai<l  to  b<;  decolorized  by  Gram's  metbodi 
and  as  8Uggest«l  by  t'rosch  and  KoUe  {Frosch  und  KoUf,  Flftgge's  "Mikro-organis.," 
ii,  1896,  p.  161),  in  the  case  of  Schueta'  organism  may  belong  to  a  group  JntOT- 
mediate  betwr«>n  Fracnkel's  diplococcus  and  the  chicken-<'h(>lerB  group. 

Tiivcl  and  Krumbcin  {Timi  unci  Kntmbcin,  Cent.  f.  Bakt.,  xviii,  1895,  p.  647) 
descrilx^  a  str('ptoi'o<-cus  with  a  cjipsule,  which  was  isolal<>d  from  a  small  abscess  on 
the  finger  of  a  child.  Capsules  were  uLso  present  hi  the  artificial  cultures,  and  al- 
though ordinarily  remaining  imcolored,  could  be  stained  by  Ixx'fflrr's  flagella  stain. 
This  organism  was  said  to  be  differentiated  from  FnK'iikel's  tliplococcus  and  also  in 
gcncnJ  from  streptococcus  (pyogenes)  by  a  rapid  and  rii'h  (jrowlh  on  gelatin,  agar, 
and  potato.  \  pellicle  was  formed  on  broth.  The  organisms  forming  this  pelliclo 
had  capsules,  but  those  in  the  deeper  portions  of  the  broth  generally  lacked  it. 

In  1897,  Binaghi  (Binaghi,  Cent.  f.  Bakt.,  xxii,  1897,  p.  273)  de8cril)ed  a  cap- 
crulat«d  streptococcus  isolatwl  from  a  guinea-pig  deatl  of  a  spontaneous  peribron- 
chitis and  multiple  pulmonary  abscesses.  In  the  pus  were  found  some  diplncocci  and 
ehort  chains  (four  to  six)  Hurro\mded  by  a  capsule,  showrj  by  staining  with  carbol 
fuchain.     This  organism   he  proposes   lo  call  Streptococcus  capsulatus. 

Le  Roy  des  Barren  and  Weinljerg  in  1S99  (J^  Roy  des  Banes  el  Weinhrrg,  Arch, 
d,  m6d.  exixSr.,  xi,  1899,  p.  399)  pvibli.shed  an  account  of  a  streptococcus  with  a 
capsule.  This  was  Isolated  from  a  man  who  had  apparently  been  infei-led  fnun  a 
horao  which  had  died  of  an  acute  intestinal  disorder.  The  patient  neglei'tcd  the 
infection  and  died.  Diplococci  and  short  chains  furnished  with  a  cnjwule  were 
found  in  the  subcutaneo\is  tissue  at  the  area  of  inf<'ction.  The  bloo<l,  liver,  and 
8ple<-n  also  containp<l  these  iirganisms.  The  capsule  in  nil  the  )>ro)Mr»ti(>nit  rmnained 
imcolored,  but  the  authors  say  that  its  existence  was  not  to  be  doubted.    Ascitic 
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There  are  occasions,  then,  both  within  the  animal  body  and  in  arti- 
ficial cultivations,  when  it  is  practically  impossible  to  distinguish  defi- 
nitely between  some  races  of  pneumococci  and  rac^s  of  streptococci. 
This  difficulty  is  especially  heightened  when  the  pneuniococcus  has 
become  non-virulent,  and  at  the  smne  time  no  very  typical  morphology 
or  capsule  formation  is  to  be  determined  and  a  tendency  to  chain-forma- 
tion is  marked.  Cultures  of  pneumococci  in  such  condition  can  not 
readily  be  distinguished  morphologically  from  streptococcus  cultures. 

Under  these  circumstances  recourse  must  be  had  to  a  careful  bio- 
logical study  of  the  organism  in  question.  The  following  are  the  criteria 
mainly  relied  upon  at  present  for  the  differentiation  of  these  two  groups. 

Pneumococci  fennent  inulin,  if  cultivated  in  inulin-serum-water  me- 
dium. Acid  formation  from  tlio  inulin  results  within  t^vo  days  or  more 
in  coagulation  of  the  serum  and  rcdtlening  of  the  litmus.  Streptococci  lie- 
causeof  their  inability  to  attack  the  inulin  leave  the  medium  unchanged.' 

broth  inoculated  from  the  p«>ritoneaI  fxiictate  of  ii  r:ibbit  dying  from  the  infection 
gave  streptococci  in  cxtremcJy  long  i-hains  ami  Hurrnimded  by  ciipsulcs.  Tliese  were 
not  so  distinct  as  in  the  caac  of  Ihe  orgaiiiMiis  in  the  original  smear  propiautions. 
All  fluid  media  (bouillon,  milk,  and  ascitic  broth)  wore  .said  to  be  siroiigly  acid  after 
twenty-four  hours.  These  authors  report  that  Achard  luul  Mamiori'k  have  a)«un'«l 
them  that  they  have  seen  capmilated  streptoctHri,  and  that  Marraorek  showed  them 
some  preparations  in  which  one  of  his  streptococci  presented  (he  same  characters  «a 
that  isolated  by  them. 

Although  Le  Boy  des  Barres  and  Weinberg  have  used  the  term  encapsulated, 
they  believe  that  it  wovdd  perhaps  be  more  prudent  to  call  their  organism  strepto- 
cofjue  aureole,  since  they  were  not  able  to  define  this  cap.sule  by  staining  it. 

Howard  and  Perkina  {Howard  and  f'irkinii,  Jour.  Mwl.  Res.,  19()1,  iv,  p.  163) 
have  lately  described  an  organism,  probably  of  live  foregoing  tyf)e,  which  vrim  present 
in  a  lubo-ovarian  abscess  and  in  the  peritoneal  exudjite,  tlie  blofxl,  and  some  of  the 
organs  of  a  woman  dying  in  the  IjUcesi<le  Hospital,  Cleveland,  Ohio.  The  organism.'} 
were  biBcuit-shai)ed  cocci  in  pairs,  usually  arranged  in  chains  of  four,  six,  eight, 
or  twenty  eJemenIs,  and  surroiindi'd  by  a  wide  and  sharply  staining  rnjjsule.  In  the 
artificial  ciUlures  special  capside  stains,  it  was  noted,  failed  to  stain  any  definite  area, 
but  numerous  small  deeply  stained  gr.inulca  were  to  be  seen  within  the  halo,  espe- 
cially near  its  outer  border.  Howard  and  Perkins  propose  for  the  grotip  composed  of 
the  streptococci  of  Bonome,  Binaghi,  and  their  own  organism,  the  name  Strepto- 
coccus mucosus.  Streptococci  Isolated  from  cases  of  epidemic  sore-throat  have  also 
shown  capsules  (p.  343). 

Reference  to  the  original  descriptions  of  these  various  capsulatcd  streploctx-ci 
will  show  thai,  with  the  exception  of  a  rather  jmorly  staining  capsule,  the  majority  of 
those  organisms  are  separated  from  the  typii-al  Stri'iilococcus  pyogenes  or  frotn  the 
pnetunococcuB  by  exceedingly  slight  and  unstable  tiiorphotogical  and  cultural  char- 
ftctcre.     This  is  true  of  the  differpnce  in  their  pathogenic  action  in  animals. 

»//hw,  Cent.  f.  Bakt.,  xxxi,  1902;  Jour.  Exp.  M«l.,  vi,  1905. 
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Cultivated  on  wholf-lilood-aRar,  istrrptopocei  usually  cause  hemo- 
lysis, pneuuiocoiTi  titiually  do  not.'  In  contnuiislincliou  to  Streptortx-- 
cus  viridans  which  docs  not  heniolyzc,  pncuinococci  have  a  tt-ndency  on 
these  media  to  form  the  black,  dry,  paint-blister  colonics.' 

Ncufdd,'  in  IIKK),  noticed  (hat  normal  rablats'  liilc  added  in  quan- 
tities of  0.1  c.c.  to  each  one  or  two  cubic  centimeters  of  a  pneumococc  us 
broth  culture  caused  lysis  of  the  bacteria,  rendering  the  culture  fluid 
transparent  and  clear.  This  does  not  occur  with  streptococci,  and  has 
been  used  to  tUfferentiate  the  two  species.  According  to  Libman  anil 
Rosenthal,*  great  reliance  may  he  placed  upon  Ihi.i  n.ethod. 

The  most  convenient  rejigent  for  use  in  the  Neufeld  bile  test  is  a 
10  per  cent  solution  of  sodium  taurocholate  in  physiological  salt  .solution. 
This  should  be  .sterilized  or  kept  on  ice.  One-tenth  volume  of  such  a 
solution  produces  prompt  lysis  in  a  broth  culture  of  pneumococci. 

Decisive  differential  importance  may  be  attached  to  the  agglutina- 
tions of  these  niicroorganij-nis  in  immune  sera  (.see  p.  364). 

The  pennanency  of  the  various  types  in  the  pneumococcus-strepto- 
coccus  group  is  still  open  to  question.  E.  C.  Rosenow  *  has  recently  re- 
ported tliat  he  has  transmuted  tj-pical  pneumococci  into  tj'pical  hen.o- 
lytic  strtptucocci  jiy  methods  which  he  has  not  as  yet  fully  descrilied,  but 
among  which  were  animal  passage,  growth  in  sjinbiosis  with  bacillus 
subtilis,  and  growth  in  an  atmosphere  of  oxygen.  The  pneumococci 
wlien  first  alterwl  took  on  the  characteristics  of  the  streptococcus 
viridans,  later  of  the  so-called  streptococcus  rheumaticus,  and  finally 
of  streptococcus  hemolj't icus.  Together  with  cultural  characteristics 
the  pathogenicity  of  these  various  strains  for  rabbits  changed.  The 
pneumococcus  produced  acute  sepsis,  the  streptococcus  viridans  caused 
endocanlitis,  the  streptococcus  rheumaticus  jx-riart icular  or  serous 
arthritis,  ami  hemolyticus  suppurative  arthritis.  In  iniermetliate  stage 
the  organisms  quite  regularly  caused  myositis.  Although  he  was  able 
to  transnuite  these  types  on<'  into  the  other  in  both  directions,  Rose- 
now l>elievi's  that  the  cultural  characteristics  of  each  tj-pe  correspond 
to  a  fairly  definite  type  of  pathogenicity  in  animals  and  man.  This 
work  has  not  as  yet  appeared  in  detail  and  hius  not  been  confirmed. 

'  f^rhf.tlmullcr,  Milnrh.  meH.  Woch. 

•  Huis,  Jotir.  F:xp.  Med.,  vii,  lOO.'S.  

*NefifM,  Zc-it.  f.  HyR.,  UIOI. 

•  Libman  and  Rosrvlhal,  Proc.  N.  Y.  Path.  Soo.,  March,  1008. 
'  Roaenov),  J.  A.  M.  A.,  1913,  Ixi,  2007. 
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CHAPTER  XXIV 

MICROCOCCUS   INTRACELLl'LARIS   MENINGITIDIS 
(MENINGOCOCCUS) 


Infectious  processes  in  the  meninges  may  be  caused  by  many  dif- 
ferent microorganisms. 

Meningitis  may  be  primary  or  secondary.  Secondarj-  meningitis 
may  often  occur  during  the  cour.st>  of  pneumonia,  when  pncumococci, 
carried  to  the  meninges  by  the  blood  stream,^ give  rise  to  a  usually  fatal 
form  of  the  disease.  More  rarely  a  similar  process  may  occur  as  a 
secondan,-  manifestation  of  typhoid  fever  or  infiuonza.  Meningitis  may 
fdso  result  secondarily  by  direct  extension  from  suppui'ative  lesions  about 
the  skull,  such  as  those  occurring  in  diseases  of  the  middle  ear  or  frontal 
sinuses  or  after  compound  fractures.  In  such  cases  the  invading  or- 
ganisms are  usually  staphylococci,  streptococci,  or  pneumococci. 

Isolated  cases  of  meningeal  infection  with  B.  coli,  B.  paratji^hosus, 
Bacillus  pestis,  and  Bacillus  mallei  have  been  reported.  A  frequent, 
more  chronic  form  of  the  disease  is  cauaetl  by  Bacillus  tuberculosis. 

Primary  acute  meningeal  infection,  however,  is  due  chiefly  to  two 
microorganisms,  Micrococcus  intracellularis  meningitidis,  and  the  pneu- 
mococcus. 

A  tabulation  of  the  comparative  frequency  with  which  the  various 
microorganisms  are  found  in  the  meninges  has  been  attempted  by 
Marschal.'  This  author  estimates  that  about  69.2  per  cent  of  all 
acut«  eases  are  due  to  the  meningococcus,  20.8  per  cent  to  Diplococcus 
pneumoniiE,  and  the  remaining  10  per  cent  to  the  other  bacteria 
mentioned. 

The  cases  caused  by  the  pneumococcus  and  the  other  less  frequent 
incitants  usually  occur  sporadically.  A\Tien  the  disease  occurs  in  epi- 
demic form,  it  is  almost  always  due  to  tlie  meningococcus. 

Diplococcus  intracellularis  meningitidis  was  first  .seen  in  menin- 
geal exudates  by  Marchiafava  and  Celli '  in  18<S4.  These  authors  not 
only  describ<-d  accurately  the  morphological  characteristics  now  rccog- 

^  Marschal,  Diss.  StraBsburg,  190!,  Quoted  from  Weichselbaum,  in  KoUe  und 
Waaaermann,  "  Handhuch." 

'  Marchiafai'a  and  CeUi,  Gai.  degli  ospedali,  8, 1884. 
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nized,  but  also  called  attention  to  the  btraceilular  position  of  the  micro- 
organism and  to  Its  gonococcus-like  appearance.  They  failed,  however, 
to  cultivate  it. 

Observations  confirmatory  of  the  Italian  authors  were,  soon  after, 
made  by  Leichtenstem.'  Cultivation  and  positive  identification  as  a 
separate  species  was  not  accomplished,  however,  until  Weichselbaum,' 
in  1S87,  reported  his  obsor\'ations  upon  six  cases  of  cpiilcmic  ccn>bro- 
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spinal  meningitb  in  which  he  not  only  found  the  cocci  morphologically, 
but  wa.s  able  to  study  their  biological  characteristics  in  pure  culture. 
The  researches  of  Weich.selbaum  were  soon  confinned  and  extended 
by  elaborate  studies '  which  left  no  doubt  as  to  the  specific  relationship 
l)et\»'een  the  microorganism  cultivated  by  him  and  the  clinical  condition. 


^  I^ifhtetudfrn.  Dciit.  ine<l.  Woch.,  188.S. 
»  WmckKlbaum.  Fort.  d.  M«i.,  1887. 

*  Counrilman ,  .\faUory.  tanl  Wnglil,  8i>ocial  Rep.  Mass.  Board  of  Health,  189S; 
AlbrecJU  iind  Ghtm.  VVien.  klin.  Woch.,  1«K)I. 
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Morphology  and  Staining. — Stained  in  the  spinal  fluid  from  an  in- 
fected patient,  the  meningococcus  bears  a  striking  similarity  to  the  gon- 
ococcus.  The  microorganisms  appear  intra-  and  extracellularly,  usually 
in  diplocorcus  groups,  sometimes  as  tetrads,  or  even  in  larger  agglomer- 
ations. The  individual  diplo-furnis  upf  flHttenivl  on  the  sides  facing  each 
other,  presenting  somewhat  the  hiscuit-fomi  of  the  gonococcus.  The 
variation  in  size  of  the  cocci  in  the  same  smear  is  a  uoticcable  feature 


Flo,  78. — Meningococcus  in  jSpinal  Fluid, 


ami  of  some  diagno.-jtic  inipDitJuice.  This  iiis.sitiii!urity  in  .size  is  notice- 
able also  in  cultures,  which,  especially  when  older  than  twenty-four 
hours,  contain  forms  double  or  even  triple  the  size  of  the  average  coccus. 
These  may  possibly  be  involution  forms. 

The  meningococcus  is  non-motile  and  non-spore  forming.  It 
stains  easily  with  all  the  usual  aqueous  anilin  dyes.  Its  behavior 
toward  Gram's  stain  was  long  a  subject  of  controversy,  owing  to  the 
error  of  Jaeger,'  who  claimed  to  have  found  it  Clram-positivc.    There 


'  Jaeger,  Zcit.  f.  Hyg.,  xix,  1896. 
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is  no  question  now,  however,  that  the  cocci  decolorize  by  Gram's  methoa 
when  this  in  carefully  carried  out. 

In  spinal  fluid  very  beautiful  preparations  may  be  obtained 
by  staining  in  Jcuner's  blood  stain.  Councilman,  Malloiy,  and 
Wrifiht '  were  the  first  to  notice  that,  when  stained  with  Loeffler's 
methylene-blue,  meningococcus  stains  irregularly,  .showing  metachro- 
matic granules  in  the  center  of  the  cell  bodies.  These  granides  can  be 
denionstrato<l  more  clearly  with  the  Neisser  stain  employed  for  similar 
demonstration  in  the  case  of  B.  diphtheria;  (see  p.  107)  and  have  some 
value  in  difTnrentiating  meningococcus  from  gonococcu.s. 

Cultivation. — Micrococcus  intracellularis  meningitidis  grows  readily 
upon  all  the  meat-infusion  culture  media.  It  may  even  be  culti- 
vated upon  meat-extract  media,  but  growth  upon  these  is  not  profuse. 
Upon  agar,  colonies  appear  within  eightecu  to  twenty-four  hours  aa 
graj'ish,  glistening  spots  with  smooth  edges  and  raised  granular  centeis. 
These  show  a  tendency  to  enlargement  and  eventual  conlluence. 

Growth  is  more  lu.vuriant  and  rapid  upon  media  to  which  animal 
proteid  in  the  form  of  blood  serum  or  ascitic  fluid  has  been  added.  Co- 
uguliited  .senim  is  not  liquefied.  For  cultivation  of  the  meningococcus 
liirectly  from  the  human  body  it  is  wise  to  use  the  richer  serum  or  blood 
media,  ability  to  grow  easily  upon  simple  agar  being  occasionally  acquired 
oidy  after  previous  cultivation  upon  richer  media.  .\gar  to  which  whole 
rabbit's  blood  has  been  added  forms  an  excellent  mediimi,  both  for  cul- 
tivation and  for  keeping  the  organism  alive.  Loeffltr's  blood  serum 
is  al?o  very  favorable.  It  is  advi.sable,  too,  when  cultivating  directly 
from  spinal  fluid,  to  plant  rather  large  quantities  (1  to  2  c.c),  since 
many  of  the  cocci  in  the  exudate  will  fail  to  develop  colonies,  possibly 
becau.se  of  their  prolonged  exposure  either  to  the  body  fluids  or  to  their 
own  products  in  a  clo.serl  space. 

Upon  hroth,  growth  is  slow  and  takes  place  chiefly  upon  the  surface, 
the  sediment  consisting  mainly  of  flead  bacteria.  Glueo.se  added  to  agar 
or  to  broth  renders  the  medium  more  favorable  for  rapid  growth,  but, 
owing  to  a<-itl  formation,  tends  to  cause  a  more  rapid  ileath  of  the  culture. 
In  flasks  of  broth  containing  ghicose  one  per  cent,  and  CaCO,  one  per 
cent,  however,  cultures  have  been  kept  alive  for  as  long  as  fourteen 
months  (Hiss).  On  milk,  growth  takes  place  without  coagulation 
of  the  casein.  Potatoes  are  not  a  favorable  medium,  though  growth 
occafiionally  takes  place. 


MICRfKOtCU*!    INTHAC'ELLULAHI.S   MENINCITIDIS  ;J7.') 

While  slight  alkalinity  or  acidity  docs  not  inhibit,  the  most  favor- 
able reaction  of  media  is  neutrality. 

Oxygen  is  necessary  for  devclopiucnt.  Complete  anaerobiosis,  wliile 
not  absolutely  inhibitory,  is  extremely  unfavorable,  unless  proper 
carbohydrates  be  present. 

While  growth  may  take  place  at  temperaturerf  ranging  from  25° 


k 


Fio.  79. — MENrNoococcus  CumTiBE.      Streak   cuJturc   from  spinal  fluid  on 

serum  agar-plate. 

to  42°  C,  the  optimum  is  37.5°  0.  Apart  from  the  remarkable  viability 
displayed  upon  calcium-carbonate  broth,  the  average  length  of  tinie 
during  which  the  meningococcus  will  remain  alive  without  transplanta- 
tion is  rather  short.  Recently  isolated  cultures  grown  on  agar  or  serum- 
agar  may  die  within  two  or  three  days.  Accustomed  to  artificial  cul- 
tivation through  a  number  of  generations,  however,  the  cultures  become 
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more  hardy  and  transplantaficin  may  safely  be  delayed  for  a  week  or 
even  longer.  Albrocht  and  <j1kjii  '  liave  kept  a  culture  alive  on  agar 
for  one  Jiundred  and  eighty-five  days.  It  is  a  strange  fact  that  aftor 
prolonged  artificiul  cultivation  sonic  strains  of  meningococcus  may 
gradually  Io.^r  their  growth  energy  and  fmally  be  lost  because  of  th<"ir 
refusal  to  «levelop  in  fre-sh  transplants.  Storage  is  best  carried  out  at 
incubator  temperatures.  At  room  temperatures  or  in  the  ice  chejt, 
the  diplococcus  ihes  rapidly.' 

Resistance. — The  meningococcus  is  kille<l  by  exposure  to  sunlight  or 
to  drj'ing  within  twenty-four  hours.'  It  is  e.xtreniely  sensitive  to  heat 
and  cold  and  by  the  common  disinfectants  is  killed  in  high  dilutions 
and  by  short  exposures.  At  0°  C.  it  usually  dies  \vithin  two  or  three 
days. 

Pathogenicity. — -Vs  stated  above,  the  form  of  meningitis  caused  by 
the  diplococcus  of  Weichselbaum  occurs  usually  in  epidemics,  though 
isolated  s|K)radic  cases  aiv  seen  from  time  to  time  in  all  crowded  com- 
munities. Epidemics  have  be^n  numerous  anil  widespread,  and  their 
records  far  antt'date  the  discovery  of  their  causative  agent.  As  a  rule, 
these  epidemics  have  occurred  durinj;  the  winter  and  spring  months, 
and  iiave  attacked  ciuefly  that  part  of  the  p<:)pulatiou  which  is  forced  by 
poverty  to  live  in  crowded  unhygienic  surroundings.  The  manner  in 
which  the  niicroorgani.sm  enters  the  human  body  is  still  a  siibjcct  for 
investigation.  Weichselbaum,*  Ghon  and  Pfeiffer,"  and,  more  recently, 
Goodwin  and  v.  Sholly  *  of  the  New  York  Department  of  Health,  have 
succeeded  in  demonstrating  culturally  the  presence  of  the  meningococ- 
cus in  the  nasal  cavities,  not  o^dy  of  patients  suffering  from  the  di.sease, 
but  occasionally  in  those  of  healthy  subiects  as  well.  Similar  findings 
have  been  reporUnl  by  niany  others;  but  in  many  ca.scs  morphological 
examination  oidy  was  made,  which,  oiwing  to  the  danger  of  confu-^ion 
with  Micrococcus  catarrhalis,  a  frefiuent  inhabitant  of  the  nose,  remlers 
such  reports  valueless.  The  cnreful  work  of  the  writers  mentioned,  how- 
ever, has  given  ground  for  the  thcorj-  that  meningeal  infection,  which  is 

'Albrecht  iiiui  Chon,  Wieu.  klin,  Wocli..  1901. 

'  A  \-ery  thorough  biological  study  of  meningococcus  and  related  organisms  haa 
recently  been  m:ulf  l>y  Kltrr  and  llunloon  (.lour.  V'ed.  Res.,  N.  S.  vol.  xv,  19»»), 
which  may  be  consulted  for  a  more  detailed  drwcription  of  cultural  charncteristii  a. 

'Councilman,  Mallory,  and  Wnyhl.  Boston.  1S08;  Albrecht  and  Ghon,  loc.  cit. 

•  Wrirhnrlbanm.  Fort.  i\.  .Mi-d.,  1S87. 

*Ghon  und  Pffiffer.  Zeit.  f.  klin.  Me<l..  xliv,  1901. 

•Goorfunn  und  v.  ShoUy,  Jour.  Inf.  Dis..  Suppl.  3.  Feb.,  1906. 
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often  preceded  by  nasal  catarrh,  may  take  place  along  the  paths  of  the 
lymphatics,  passing  out  of  the  nose  and  its  accessory  cavities  toward  the 
base  of  the  skull.  These  facts,  together  with  the  low  resistanre  shown 
by  the  meningococcus  against  drying,  and  the  general  failure  so  far  to 
demonstrate  it  in  air,  dust,  or  foniites,  would  seem  to  imlicate  that  trans- 
mission usually  occurs  directly  from  one  human  being  to  another. 

The  disease  produced  in  man  consists  anatomically  in  a  suppurative 
lesion  of  the  meninges,  involving  the  base  and  cortex  of  the  bruin  and  the 
surface  of  the  spinal  cord.  The  nature  of  the  exudate  may  vary  from  a 
slightly  turbid  serous  fluid  to  that  of  a  thick  fibrinous  exudate.  In 
chronic  cases  encephalitis  and  dilatation  of  the  ventricles  may  take 
place.  Apart  from  their  presence  in  the  meninges  and  in  the  naso- 
pharv'nx,  meningococci  have  not  been  satisfactorily  dcmon.strated  in 
any  of  the  complicating  lesions  of  the  disease.  Reports  of  their  iTrcscncc 
in  the  conjunctiva?,  in  the  bronchial  secretions  from  broncho-  or  lobar 
pneumonia,  and  in  otitis  media,  have  usually  been  based  upon  insuf- 
ficient bacteriological  evidence. 

The  occurrence  of  this  microorganism  in  the  circulating  blood  of  men- 
ingitis cases  has  been  definitely  proved  by  Elser,*  who  found  it  in  ten 
cases. 

Animals  are  not  very  susceptible  to  infection  with  Diplococcua 
meningitidis.  Subcutaneous  inoculation  is  rarely  followed  by  more 
than  a  local  reaction  uiJess  large  quantities  are  used.  White  mice  are 
rather  more  susceptible  than  other  species.  Intraperitoneal  and  intra- 
venous inoculation  of  sufficient  quantities  usually  results  in  the  death 
of  mice,  rabbits,  guinea-pigs,  and  dogs.  Occasional  strains  have  been 
found  to  possess  a  not  inconsiderable  degree  of  toxicity  for  rabbits, 
grave  sjinptoms  or  even  death  following  intravenous  injection  of  but 
mo<lerate  quantities  without  any  traceable  development  of  the  nucro- 
orgaoisms  in  the  organs  of  the  animals. 

Similar  observations  have  been  made  by  .Mhrecht  and  (Ihon,*  who 
succeeded  in  kiUing  white  mice  with  dead  cultures.  It  would  seem 
therefore  that  the  effect  of  this  coccus  upon  animals  depends  chiefly 
upon  the  poi.sonous  substances  contained  in  the  bacterial  bodies  (omlo- 
toxiii-s).  l>epierre '  has  obtained  the  meningococcus  toxin  by  alcohol 
precipitation  of  broth  cultures. 

Weichselbaum  himself  succeeded  in  producing  meningeal  suppura- 

1  Eltser,  Jour.  Med.  Res..  liv.  1906. 

•  Albredit  und  Ohon.,  loc.  cit. 

•  Lepierre,  Jour,  de  phya.  et  de  path,  gkn.,  v,  No.  3. 
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tion  and,  in  one  case,  brain  abscess,  by  subtlursil  inoculation  of  dogs. 
Councilman,  Mallory,  and  Wright '  producetl  a  disease  in  many  re- 
spects similar  to  tlio  human  disease  by  intras]>inous  inoculation  of  a 
goat.  Recently,  Flexncr  -  has  succeeded  in  producing  in  monkeys  a 
condition  entirely  analogous  to  that  occurring  in  human  beings. 

Agglutination. — Immunization  of  animals  by  repeat<-d  inoculations 
of  nu'uingococcu.s  ^  reauU.s  in  the  fonmition  in  the  blood  scrum  of 
agglutinins.  Koile  and  Wasscnnann '  obtained  from  horses  a  serum 
which  had  an  agglutinating  value  of  1  :  3,tK)0  for  the  homologous 
strain,  and  of  as  much  as  1  :  5U<>  for  other  true  meningococcus 
strains.  Similar  experiments  by  Dunham '  and  others  have  proved  the 
unquestionable  value  of  agglutination  for  species  identification  of  this 
group.  Great  differences  may,  however,  exist  between  inilividual 
races  in  their  agglutinability  in  the  same  immune  serum. 

Kiit.scher  has  recently  called  attention  to  the  fact  that  strains 
which  can  not  be  agglutinated  in  specific  sera  at  37°  C.  will  often  yield 
positive  results  when  subjected  to  55°  C,  a  fact  of  some  practical  im- 
portance if  conlirined. 

ELser  ami  Huntoon  "have  shown  that  in  the  .serum  of  infected  human 
sulijects  agglutination  of  some  strains  takes  place  in  dilutions  as  high 
as  1  :  4(H). 

Serum  Therapy  of  Meningrltis. — During  recent  years,  attempts  have 
been  made  to  treat  epidemic  meningitis  by  injections,  subcutaneous 
and  intra-spinous,  of  nieningococcu-s-inmiune  serum.  Wassermann,'  in 
1907,  reported  results  of  such  treatment  in  one  hunilred  and  two  patients, 
with  a  recovery  of  32.7  per  cent.  The  serum,  manufaoturetl  by  Was- 
sermann  and  hi.s  jissociates,  was  obtaitieti  from  horses  iinmunizexl  with 
cultures  of  meningococcus  and  with  to.xic  meningococcus  extract.s. 
More  recently  Flexner  and  Jobllng '  have  used  a  similar  serum  in 
the  United  States  with  apparently  excellent  results.  The  serum,  in 
Flexner's  cases,  as  in  the  technique  of  Jochmann,  is  injected 
intra-spinously  after  a  quantity  of  sj^inal  fluid  had  lx>cn  withdrawn. 
The  caaes  treated  by  Flexner  and  Jobling's  method  have  now  reached 

^Counrilman.  Mallory,  and  Wright,  loc.  cit. 

«  Flexner,  Jour.  Exp.  Med..  1906. 

'Albrecht  and  Ghon.  VVien.  Win.  Woch.,  1901. 

•  KolU  und  Watsermann.  Deut.  med.  Woch.,  15, 1906. 

•  Dunham,  Jow.  Inf.  Dis.,  11,  1907. 

•  Elser  and  Huntoon,  loc.  cit. 

»  Wasmrmann,  Deut.  meii.  Woch.,  39,  1907. 

•  FUmtT  and  Jobling,  Jour.  Exper.  Med.,  x,  1908. 
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large  numbers,  both  in  this  and  foreign  countries  and  the  value  of  the 
fBerum  as  a  therapeutic  agent  seems  firmly  cst.jiblishc-d. 

Hiss  and  Zinsser  '  have  treated  a  number  of  meningitis  patients  with 
Lsubcutaneous  injections  of  leucocyte  extracts  and  believe  that  they  have 
[favorably  influencetl  the  course  of  the  disease. 

PseudomeningococcuB. — Elscr  and  Huntoon  ^  have  described  a  diplo- 

icoccus   verj-  similar   to    the  meningococcus  which  they   different inled 

'from  it  only  by  serum  reactions.    This  diplocoecus  could  be  identified 

only  by  agglutinin  absorption  tests.    They  named  it  pseudomeningo- 

coccus. 

Faramemngococcus. — Dopter^  deseribed  a  Gram-negative  diplocoe- 
cus which  was  identical  with  meningoeoccus  in  its  cultural  and  fer- 
mentative characteristics.     It   failed  to  tjive  JiLrirlutinatinn  and  pre- 
'cipitation  retictions  in  anti-ineninfritis  senim.   thnntrh  it   did  give  a 
complement-fixation  reaction.    These  organisms,  Ht  first  isolated  from 
I  normal  throats,  have  since  been  found  in  the  wjiinal  fluid  of  cases  of 
nteuingitis.     In  a  recent  study  of  straiiis  frimi  tueniiyiritis  Anin.ss  and 
Wollstein  found  that  besides  the  two  distinct  types — normal  menin- 
Lgococci  and  parameuiiigoencci — there  were  a  number  of  intermediate 
I  varieties.  Olmstead  and  Dubois*  and  Neal  and  Schweitzer '  also  found 
[marked  antigenic  differences  among  tfie  strains  of  meningococci  which 
Ithcy  studied.     The  use  of  representatives  of  each   of  the  types  of 
meningococci  and  paraineningoeocci  lias  been  found  essentia!  for  the 
production  of  a  potent  anti-meningitis  serum. 

'  //ijw  and  Zirt»Sfr,  Jour.  Mod.  Ros.,  Nov.,  1908, 

^  EUer  and  Hunkmn,  .lour.  Mod.  Res.,  xxi,  lOOf). 

•  Dnpter,  "Conte  Rendu  de  hi  Sorict/'  dp  Biatneie,"  10O9,  Ixvii,  p.  74. 

'OlmsUvid  and  Diiimui,  Jour.  Kxpor.  Med.,  xxiii,  p.  403. 

'  ffeal  and  Schweitzer,  Jour,  of  Imuiunol.,  1916,  i,  p.  307. 
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lilPLOt^OCClIS     GONORRHCE.E     (G<  >N<X"OCCU.S),    MIfROCOCCUS 
CATARRHAL18,    AND    OTHER     GRAM-NEGATIVE    COCCI 


DIFLOCOCCUS  oonorrh(ej: 

Neisser/  in  1879,  described  diplococci  which  he  had  found  regularly 
in  the  purulent  secretions  of  acute  cases  of  urethritis  and  vaginitis  and 
iti  the  acute  conjunftivitis  of  the  new-born.  His  researches  were  purely 
nioqjliologif-al,  iis  were  the  numerous  confinnatory  investigations  which  _ 
rapidly  followed  his  announcement. 

Cultivation  of  this  dii)lococcu8,  now  usually  spoken  of  as  gonoeoccus,^ 
was  not  definitely  successful  until  18So,  when  Bumm  '  obtained  growth' 
upon  tubes  of  coagulated  human  blood  serum.    Bumm  was  not  only 
al)!e  to  keep  the  organisms  alive  by  traii.'iplantation  in  pure  culture,  but 
produced    the  disease  by  inoculation  of  his  cultures  upon  the  healthy 
urethra. 

Morphology  and  Staining. — The  gonococcu.n  is  usually  seen  in  the 
tiiplococcu.s  form,  llic  psiins  being  characteristically  flatt«nctl  along  the 
surfaces  facing  each  other.  This  gives  the  cocci  a  peculiar  coflTec-bcan 
or  biscuit  shape.  The  size  of  the  diplofomLs  is  about  1.6  micra  in  the 
longdiameter,  about  0.8  micron  in  width.  Stained  directly  in  gonorrheal 
pus  from  acute  cases,  the  microorganisms  are  found  both  intra-  and] 
extracellularly,  a  large  number  of  them  crowded  cliaracteristically 
within  the  leucocytes.  They  are  never  found  within  the  nucleus.  The 
phagocytosis  which  produces  this  picture  has  been  shown  by  Scholtz  * 
and  others  to  take  place  in  the  fi-ee  secretions,  not  in  the  depth  of  the 
tissues.  The  intracellular  position,  which  is  of  considerable  diagnostic 
importance,  is  lost  to  a  great  extent  in  secretions  from  chronic  cases. 
In  smears  made  from  j)ui"e  cultures  the  arrangement  in  groups  of  two 
may  often  be  less  marked  than  in  pus,  clusters  of  eight  or  more  being 
common. 

<  Neister,  Cent.  f.  d.  med.  Wiss.,  1879. 

•  Bumm,  "  Beitr.  z.  Kenntnias  des  Gonococcua,"  Wieshaden,  1886. 

•  ScholU.  Arch.  f.  Dennat..  1899. 

330 


DIPLOCOCCUS  GONORRHffi;« 


381 


kThe  gonococcus  is  non-motile  and  does  not  fomi  spores.  It  is  easily 
aincd  wnth  ftquoous  anilin  dyes.  Mctliylene-Mue  alone,  or  cosin 
followed  by  nu:'tliyli'no-l)lue,  give  gorKl  result.'?.  An  excellent  picture 
is  obtained  with  the  Pappenhcim-Saalhof  stain  consisting  of 

Methyl  grcon.  0.15 

Pyronin 0.5 

96%  alcohol 5.0 

Glyoerin 20.0 

2%  carbolic  acid  water  ad 100.0 

Fix  stain  1-2  nun. 

Gram's  method  of  staining,  however,  is  the  only  one  of  differential 
value,  gonococcus  being  flriiin  negative.  The  firain  stain  applied  to 
pus  from  the  male  urethra,  while  not  nbsnhitily 
reliable,  is,  for  practical  |>urpt)s<t<,  siiffieiently  so 
to  make  a  diagnosis.  In  exudates  fruni  the 
v.'igina  or  from  the  eye  the  morplmlogical  pic- 
ture is  not  so  reliable,  owing  to  the  frcfiuont 
presence  in  these  regions  of  otiier  tirani-iiegative 
cocci.  The  great  scarcity  of  gimdctK-ri  in  very 
chronic  discharges  necessitates  thorough  cultural 
investigation;  negative  nioriiholugical  examina- 
tion in  such  Ciises  cjin  not  be  regarded  !vs  con- 
clusive.' 

Cultivation. — The  gonococcus  is  delicnte  and 
difficult  to  cultivate.  Bunun  -  obtained  his  first 
growths  upon  human  blixid  serum  which  had  been 
heated  to  partial  coagulation. 

The  meflium  most  conunoidy  used  at  the 
present  day  was  introduce<l  by  Wertheim,'  ami 
consists  of  a  mixture  of  two  or  three  parts  of 
meat  infusion-agar  with  one  part  of  unct>agulated 
human  ascitic  fluid,  hydrocele  fluid,  or  lilood 
Sfrum.  The  agar  is  ineltetl  and  cooled  to  45° 
is  added.  The  mi.xture  may  then  be  slanted 
or  poured  into  a  Petri  plate. 
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FlO .  80. — C  JONORRHE  AL 
Pes  FROM  1'rkTHRA, 
.SlIOWI.NQ  THE  Cocci 
VVITIII.N  aLeCCOCYTE. 


before  the  serum 
in  the  test  tube 
One  per  cent  of  glucose  may  be  added. 
Cultures  in  fluid  media  may  1)0  obtained  by  similar  adiiitions  of  serum 
to  meat-infusion-pepton-broth.     Whole  rabbit's  blood  added  U)  iigar, 


'  Htiman,  Medical  Record,  1896.        •  Bumm.  Dent.  med.  Woch.,  1885. 
*  Wertheim,  Arch.  f.  G>'nakol.,  1892. 
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Fia.  SI. — f!<7Nococcu9.    Smear 
from  piire  culture. 


or  the  swine-serura-nutrose  medium  of  Waaaermann  '  may  occasionally 
be  used  with  success. 

Plates  may  bf  made  by  stiiparing  for  fnrichmont  a  drop  of  blood 
from  the  {iugcr  over  the  surface  of  iigar  in  the  nianrnT  of  Pfeiffer's 
met  lioil  for  iiiftut'nita-bacillus  cultivation.     Inoculations  from  gonorrheal 

material  are  Ix-st  made  by  surface 
smearing  upon  plates,  since  the  gono- 
eoccus  grows  best  in  the  presence  of 
free  oxygen.  Growth  becomes  more 
luxuriant  after  prolonged  cultivation 
upon  artificial  mctiia.  The  most 
favorable  reaction  of  media  is  neu- 
trality or  slight  aciihty. 

Wlicn  the  gonococcus  has  been 
succcs-sfully  cultivatiHl  from  pus  upon 
media  without  senun  addition.s,  the 
success  has  probably  Ijeen  due  to  tlie 
substances  carried  over  in  the  pus. 
The  ea.se  of  cultivation  differs  con- 
siderably with  different  strains  of  gonococci.  Some  grow  very  heavily 
after  first  i.solation,  liut  the  majority  show  a  very  delicate  growth 
even  on  rich  ascitic  glucose  agar.  After  .several  generations  of  growth 
on  artificial  media,  however,  the  organism  develops  with  increasing  ease 
and  on  simpler  media.  It  may  eventually  be  cultivated  on  phun  iigar, 
especially  when  this  is  made  of  veal  infusion.  Recently  a  metlium  upon 
which  gonococci  after  first  cultivation  can  be  grown  with  esise  has  been 
recommended  by  Edward  B.  Vedtler.'  Tlie  medium  consists  of  a 
1.5  to  1.75  per  cent  agar  matie  with  lieef  infusion  neutral  to  phenol- 
phthalein,  and  after  clearing,  1  per  cent  of  com  starch  atlded.  The  com 
starch  is  l)est  .added  after  grinding  with  a  little  agar  to  avoid  clumps, 
this  then  being  poured  into  the  bulk  of  the  tigar  and  thoroughly  mixed. 
The  medimn  should  be  sterilized  at  not  over  15  lbs.  pressure  to  avoid 
changes  in  the  starch.  Recently  we  have  is<jlated  several  strains  of 
gonococci  which  grew  very  heavily  on  simple  media  without  ascititf 
fluid  in  the  second  culture  generation. 

'  WiixiMTnumn,  Berl.  klin.  Woch.,  1897. 

(Fifteen  c.c.  fra-ine-aerum,  35  c.c.  of  water,  3  c.o.  Kly^rin,  with  two  per  cent 
nutroNe.  The  nutrosc  m  dissolved  by  boiling  and  tlic  solution  sterilized.  This  is  then 
added  to  agar,  in  equiil  purts,  and  iLsed  in  plates.) 

•  redder,  Jour.  Infec.  Dis.,  May  15,  1915,  xvi,  385. 
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TTie  gonococcus  will  develop  sparsely  under  anaerobic  conditions, 
but  ha-s  marked  preference  for  aerohiosis.  The  optimum  temperature 
is  37 . 5°  C.     Growth  ceases  a))ovc  38 . 5°  and  below  30°. 

Upon  suitable  media  colonies  appear  as  extremely  delicate,  graj-ish, 
opalescent  spots,  at  the  end  of  twenty-four  hours.    The  separate  colo- 
nies do  not  teml  to  confluence 
and   have    slightly  undulated    ^ 
margins.       Touched    with    a 
platinum    loop    their   consist- 
ency is  found  to  be  slimy.   In 
fluid    media,     growih     takes 
place  chiefly  at  the  surface. 

Until  recent  years  the 
gonococci  were  regarded  as  a 
compact  group,  within  which 
individual  memlwrs,  isolated 
from  diflferent  csises,  were 
identical  in  all  rospt'cts.  How- 
ever, work  done  by  Torrey,' 
and  by  Teague  antl  Torroy,^ 
has  shown  that  inmmnologic- 
ally  gonococci  cim  Ix-  divided 
into  a  number  of  different 
groups.  The  situation  here  is 
closely  analogous  to  that  whicli  ha**  developed  in  the  case  of  the  pneumo- 
coecus  group.  By  cross  tigglutinations  luid  agglutinin  absorption  <'xpe- 
riments,  Torrey  has  been  able  to  show  that  gonococci  fall  into  about  10 
groups,  A,  B,  C,  G,  K,  L,  N,  ( ),  Q,  S,  which  are  serologically  separable  one 
from  the  other.  The  practical  iniportani-e  of  this  is  that  in  all  diagnostic 
serum  reactions,  such  as  the  complement-fixation  test,  it  is  necessary 
to  make  a  poljTalent  antigen  in  which  these  various  groups  shall  be 
represented.  Otherwise,  of  course,  maay  cases  woukl  react  negatively 
if  infected  with  a  particular  group  whicli  is  not  included  in  the  antigen. 

Resistance. — Recent  cultures  of  gonococcus,  if  not  transplanted, 
usually  die  out  within  five  ur  six  days  at  incubator  temperature.  At 
room  temperature  they  die  more  rapidly. 

The  resistance  of  the  gonococcus  to  light  and  heat  is  slight.  A  tom- 
f)erature  of  41°  to  42°  kills  it  after  a  brief  exposure.    Complete  dr>ing 

•  Torrey,  Jour,  of  Med.  Uesean-h,  1007,  xvi,  329. 

*  TVofrue  and  Torrey,  Jour,  of  Med.  llesearch,  Dec.,  1907,  xvii,  223. 


Fni.  82. — Gonococcus  Colon'y.     Low  jiower 
of  magnificatioii.   (.Xftcr  Mnllory  and  Wright.) 
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destroys  it  in  a  short  time.  Incompletely  dried,  however,  and  pro- 
tected from  light  ((gonorrheal  pus)  it  nuiy  live,  on  sheets  and  clothing, 
for  as  long  iis  ei(j;hteen  to  twenty-four  hours.' 

It  is  easily  killed  by  most  disinfectant  solutions '  in  high  dilution 
and  Horms  to  he  almost  specifically  sensitive  to  the  \arious  silver  salts, 
H  fact  of  tliorapoutie  importance. 

Pathogenicity. — Gonorrheal  infection  occurs  spontaneously  only  ia 
man.  True  gonorrheal  urethritis  ha.s  never  been  experimentally  pro- 
ductnl  in  animals.  In  human  beings,  apart  from  the  infection  in  the 
male  anil  female  genital  tracts,  and  in  the  conjunctivse,  the  gonococcus 
may  produce  cyst  it  its,  proctitis,  and  stomatitis.  It  may  enter  the  cir- 
culation, giving  rise  to  septicemia, '  to  endocarditis  and  arthritis.  Iso- 
lated cases  of  gonorrheal  periostitis  and  osteomyelitis  have  been  re- 
portp<l.* 

The  acute  infections  of  the  genito-urinary  pa.ssages  are  often  fol- 
lowed by  prolonged  chronic  infection,  which,  though  quiescent,  may  for 
many  years  he  a  s<>urce  of  social  danger.  In  children,  especially  females, 
the  infection  is  not  rare,  and  may  ii.s,sume  i'i)uU'iuic  characters,  traveling 
from  bed  to  I>e(l  in  institution-s.  Such  hospital  epidemics  can  be  stopped 
only  by  the  most  rigid  isolation.  It  is  advisable,  in  view  of  this  danger, 
to  examine  all  feniulc  children  applying  for  swhnission  to  a  hospital,  by 
vaginal  smear  and,  if  pos.sible,  to  keep  them  in  a  receiving  ward  for 
twenty-four  liours  in  order  that  the  examination  may  be  repeated  before 
ailniis.sion  to  the  general  wanls.  In  the  best-equipped  institutions,  fur- 
thermore, separate  thermometers,  bed  linen,  and  cUapers  are  set  aside 
for  each  child  in  order  to  preclude  any  jwssibility  of  accidental  traasmis- 
sion  from  cjiscs  which  may  have  escaped  detection  by  smear  examination. 

While  inoculation  of  animals  has  never  resulted  in  active  prolifera- 
tion of  the  gonococcus  upon  the  new  host,  local  necrosis,  suppuration, 
and  t^'Uiporary  systemic  reactions  have  Ix-en  produced  by  subcutaneous 
and  intraperitoneal  inoculation.  A  toxin  has  been  isolated  by  Niko- 
laysen  *  by  extraction  from  the  bacterial  liodies  Avith  dLstillcd  wat^r  or 
sodium  hyilrate  stjlutions.  It  was  found  to  Iw  resistant  to  a  t^-mpera- 
ture  of  120°  and  to  remain  potent  after  complete  dr>ing.  The  same 
authtir  found  that  the  isolated  toxiri  and  deatl  cultures  were  fully  as 
toxic  for  animals  jis  living  cultures,  0.01  gram  killing  a  white  mouse. 

'  Ueiman,  Medical  Record,  1896. 

'  Sckarfer  und  SUinschneider,  Kong.  Deut.  Demiat.  GeseUa.,  Breslau.  1894. 

'  Review  of  caam  of  Gon.  Septicemia,  Fnitrr-Benidieu,  Thesis,  Paris,  1006. 

•  'fUtmnn,  Wien.  med.  I'resae,  lOOO.  »  Mkolayien,  Cent.  f.  Bakt.,  1897. 
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Specific  injury  to  the  nervous  system  by  injections  of  gonococcus 
toxin  has  been  reported  by  Moltschanofl.' 

The  secretion  of  a  true  soJubie  toxin  by  the  gonococcus,  asserted  by 
Christmas,'  is  denied  by  Wassermann,'  Nikolaysen,^  and  others.  Christ- 
mas,' and,  more  recently,  Torrey,"  have  reported  successful  active  im- 
munization of  animals  by  repeated  injei^tions  of  whole  bacteria.  Torrey 
and  others  apparently  have  successfully  treated  human  cases  by  injec- 
tions of  the  senmi  of  immunized  animals. 

Antibodies  to  Qonococcus. —  Patients  infected  with  gonococci 
seem  to  produce  antibodi<'s  against  the  organisms.  Although  in  the  or- 
dinarj'  gonorrheal  urethritis,  or  vaginitis,  it  is  relatively  simple  to  make 
the  diagnosis  by  finding  gonococci  in  the  discharges,  diagnosis  may  lie 
difficult  in  cases  of  gonorrheal  rheumatism,  or  endocarditis,  when  iso- 
lation of  the  bacteria  fails  or  when  the  connection  l}etwcen  the  local 
venereal  disease  and  the  general  condition  is  obscure.  Various  sero- 
logical diagnostic  methods  have  been  attempted,  and  of  recent  years 
the  complement-fixation  test  has  been  found  to  be  vcrj^  useful.  The 
method  has  been  especially  developed  by  Archibald  ilcNcil,  at  the 
New  York  Department  of  Health.  It  consists  in  making  a  polyi'alent 
antigen,  using  the  10  Torrey  strains  which  are  kept  in  stock  traasplants 
on  glucose  ascitic  agar.  It  has  been  found  that  the  best  medium  for 
antigen  production  is  an  agar  made  of  "bob  veal."  For  the  production 
of  antigen,  stock  cultures  are  transplanted  on  "t)ob  veal"  agar,  without 
salt,  glucase  or  ascitic  fluid,  the  reaction  carefully  adjusted  to  an  acidity 
of  0.1  per  cent  to  0.2  per  cent.  Twenty-four  hour  growths  on  this  me- 
dium are  scrape<I  off  and  emulsified  in  neutral  sterile  distilled  water. 
The  emulsion  is  autolyzed  one  hour  in  a  water  bath  at  56°  and  heated 
one  hour  at  80°  C.  It  is  then  filtered  through  a  sterile  Berkfeld  filter. 
The  filtrate  is  aseptically  bottled  and  sterilized  3  days  at  56°,  half  an 
hour  each  day.    It  is  then  made  isotonic  and  is  ready  for  titration. 

Vaccine  therapy  in  systemic  gonorrheal  infection  has  been  tried  and  is 
reasonably  successful.  The  vaccine,  if  possible,  should  be  made  with 
the  organism  isolated  from  the  patient,  for  reasons  described  above. 
Passive  immunization  with  the  serum  of  gonococcus-immune  animals 
has  also  bwn  attempted,  iiut  records  on  it  at  present  are  not  sufficiently 
complete  to  permit  definite  judgment. 


'  MoUachanaff,  MOnch.  med.  Woch.,  JSiW. 

•  WcMermann,  Zeit.  f.  Hyg.,  xxvii,  1897. 

•  Christmas,  loc.  cit. 

•  Torrey,  Jour.  Amer.  Med.  Asn.,  xlvi,  1906 


'Chrislmas,  Ann.  de  I'lnst.  Pasteur,  1897. 
« Nikolaysen,  Fort.  d.  Med.,  xxi,  1897. 


MICROCOCCUS  CATARRHALIS 

Micrococca''  catarrhalis  is  a  diplococcus  described  first  by  R.  Pfciffer', 
who  found  it  in  thf  sputum  of  piitient.-s  suiTfring  from  catarrhal  in- 
flammations ()f  the  upper  respiratory  tract.  It  was  subsequently  cwre- 
fully  studied  b>"  (Ihon  and  H.  Pfciffer.-  According  to  these  authors 
the  pathogenic  significance  of  the  micrococcus  is  sliRht,  though  occa.sion- 
ally  it  may  Ix'  regarded  iis  the  causative  factor  in  catarrhal  inflammations. 
Its  chief  clahn  to  attention,  however,  lies  in  its  similarity  to  the  meningo-  \ 
coccus  and  the  gonococcus,  from  neither  of  which  it  can  be  morphologi- 
cally distinguished.  It  is  decolorized  by  Gram's  stain,  appears  often  in 
the  diplococcus  form,  and  has  a  tenchmcy,  in  exudates,  to  Iw  lot^ated 
intraccllularly.  Not  unlike  the  two  microorganisms  mentioned,  too,  it  j 
shows  but  slight  pathogenicity  for  animals. 

DifTerentiation  from  gonococcus  is  extremely  simple  in  thjvt  Micro- 
coccus catarrhalis  grows  easily  on  simple  culture  media  and  shows' 
none  of  the  fastidious  cultural  requirements  of  the  gonococcus. 

From  nieningococcu.s  the  differentiation  is  less  simple  and,  because 
of  the  presence  of  both  microorg;misms  in  the  nose,  is  of  great  importance. 

Distinction  In'tween  the  two  is  made  entirely  upon  cultural  cliarac- 
teristics  and  agglutination  reactions.  Culturally,  Micrococcus  catar- 
rhalis grows  more  heavily  than  nieningococcas  upon  the  ordinarj' 
culture  media.  The  colonies  of  Micrococcus  catarrhalis  are  coarsely 
granidar  and  distinctly  white  in  contradistinction  to  the  finely  granu- 
lar, grajash  meningococcus  colonies.*  Micrococcus  catarrhalis  'will 
develop  at  temperatures  below  20°  C,  while  meningococcus  will  not 
grow  at  temperatures  below  25"  C* 

Dunhiuii,'  who  h:vs  recently  made  a  comparative  study  of  meningo- 
coccus and  other  Griuu-negative  iliplococci  from  the  nose  and  throat, 
states  that  while  .some  of  the  supprjsed  Micrococcus  catarrhalis  cul- 
tures are  Civsily  distinguished  from  meningococcus  simply  by  the  char- 
acteristics of  their  growths  upon  two-per-cent  glucose  agar,  others  offer 
great  difficulties  t<j  differentiation.  He  recomuicnds  as  a  differential 
medium  a  mixture  of  sheep  serum  ami  iMMiillon  containing  1%  of  glucose. 
Upon  this  medimn  all  true  meningococci  produce  ncid,  but  no  coagulation. 


>  FlOgge,  "Die  Mikroorg,"  3<1  «!.,  1896. 

»  Ghon  und  H.  Pfeiffer,  Zoit .  f.  klin.  Me<l.,  1002.    •  Ghon  und  Pfeiffrr,  loc.  cit. 
•  WeUhsrlbaum,  iu  KoUf  und  Wimnemuinn,  Bil.  iii,  p.  200. 

>  Dunham,  Jour.  Inf.  Dis.,  1907. 
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ith  24  hours.    Cultures  from  the  nose  and  throat,  however,  produce 
icid  and  coagulation,  or  else  produce  an  alkaline  reaction. 


OTHEE  GRAM-NEGATIVE  COCCI 

Micrococcus  pharyngis  siccus. — First  descrilx-d  by  von  Lingelshcim' 
in  1906.  It  is  described  by  Elser  and  Hunt^xjn  as  readily  differentiable 
from  meningococcas  and  otlier  Gram-n<>gative  cocci  by  the  fimi  adher- 
ence and  drjTiess  of  its  colonies.  It  is  similar  to  Micrococcus  catarriialis 
from  which  it  may,  however,  be  differentiated  by  fermentation  tests. 

Diplococcus  mucosus. — This  organism  was  also  described  by  von 
Lingelsheim  together  with  the  preceding  one.  Its  colony  fonnation  is 
similar  to  that  of  meningococcus,  but  slightly  more  sticky  and  mucoid. 
Stained  by  the  capsule  nietlioils,  it  is  seen  to  passess  a  distinct  capsule. 

Chromogenlc  Gram-negative  Cocci. — These  microorganisms  all  pro- 
duce a  greenish-yellow  pigment  on  the  ordinary  culture  media.  When 
pigment  is  absent,  as  Ls  frcfjuentlj-  the  case  when  grown  upon  sugar-free 
media,  these  microorganisms  can  Ite  distinguished  from  ineningocoocus 
only  by  sugar  fermentation  and  serum  reactions. 

An  exhaustive  study  of  Gram-negative  micrococci  has  recently  been 
made  by  ELser  and  Iluntoon.-  These  authors,  in  studying  the  dififer- 
ential  value  of  sugar  fermentation  in  the  diagnosis  of  these  bacteria, 
have  constructed  the  following  table: 


Strainb  Tsvtbo 

Meningococcus 

Psoiidomeningococcus , 

Gonococois , 

Microc-occii.'?  c.itarrhalis , 

Microfocous  phar>'n(?i8  siccus 

Chromogenic  Rroup  I 

ChroniKgenic  group  II 

Chromofrpnip  Rfoup  III 

JiieRpr  niPiiitiKOcoccus.  Krai. . 
Diplopoccus  crassus,  Kriil ,  .  . , 


Strairui 


300 
fi 

l.T 

M 
2 

•28 

11 

9 

1 

1 


Dpi- 
IroM 


+ 
+ 
+ 
0 

+ 

4- 
-I- 
-I- 
+ 
+ 


Malt- 
ose 


+ 
+ 
0 
0 
+ 
+ 
+ 
-f- 
+ 
+ 


0 
0 
0 
0 

+ 
+ 

0 

-f- 
+ 


Sftccfaa- 


0 
0 
0 
0 

+ 
+ 

0 
0 

-I- 
+ 


Uc- 


0 
0 
0 
0 
0 
0 
0 
0 

+ 
+ 


Gal- 
aetoae 


0 
0 
0 
0 

0 
0 
0 
0 

+ 
-I- 


.  Lingeltheim,  Klin.  Jahrb.,  15, 1906. 


•  EUer  and  UurUoon,  luc.  cat 
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BACILLI  OF  THE  COLON-TYPHOID-DYSENTERY  GROUP 


The  bacilli  belonging  to  this  group  of  microorganisms,  while  present- 
ing great  differences  in  their  pathogenic  characteristics,  possess  many 
points  of  morphological  and  liiological  similarity  which  have  made  their 
differentiation  extremely  difficult.  Among  pathogenic  bacilli,  they  are 
probably  the  ones  most  commonly  encountered  and  because  of  the  fact 
that  some  of  them  are  specifically  p'lthngenic,  while  others  arc  essen- 
tially saprophytic  and  are  p.ithogenic  only  under  exceptional  conditions, 
the  necessity  of  accurate  iliffercntiation  is  a  daily  occurrence  in  bacteri- 
ological laboratories.  It  has  been  through  the  study  of  this  group  par- 
ticularly that  many  of  the  modjru  differcutial  methods  of  bacteriology 
have  been  developed. 

The  group  includes  the  colon  bacillus  and  its  allies,  the  typhoid 
bacillus,  the  paratyphoid  organisms,  the  several  varieties  of  dyst>ntcr>' 
bacillus  and  numerous  closely  relati"d  species,  antl  B:icillus  fccalis  alka- 
ligenes.  Closely  related  to  the  pmup  though  imt  properly  within  it, 
are  Bacillus  lactis  aerogenes,  B.  acidi  lactici  Ijacilli  of  the  Friedliinder  or 
mucosus  capsulatus  group,  and  a  number  of  less  important  subdivisions 
of  this  last  group. 

All  bacilli  of  the  group  pos.sess  morphological  characteristics  which, 
although  exhibiting  slight  differences,  arc  insufficient  to  permit  accurate 
morphological  diagnosis.  They  are  none  of  them  spore-bearing.  Stained 
by  Gram's  method  they  are  ilecolorized. 

Cultivated  upon  artificial  media,  they  grow  readily  both  at  room  and 
at  incubator  tempcrature.>».  None  of  them  liquefies  gelatin.  Though 
showing,  often,  distinct  differences  in  the  speed  and  luxuriance  of  growth 
upon  ordinary  media,  these  differences  are,  nevertheless,  too  slight  to 
become  the  basis  of  differentiation. 

In  order  to  distinguish  between  the  individual  members  of  this 
group,  therefore,  we  are  forced  to  a  careful  biological  and  cultural 
study.  This  is  carried  out  by  thp  ob.servaticm  of  the  ctiltural  character- 
istics upon  special  media  and  by  the  study  of  senim  reactions  in  speci- 
fic immune  sera,    Otjr  main.stays  in  the  accurate  differentiation  of  these 
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bacilli  nre  the  observation  of  their  fermentative  action  upon  carbohy- 
drate nie<lia,  and  their  agglutinating  reactions  in  inununr  sera.  These 
points  will  be  alluded  to  in  the  ileseription  of  the  indiviilua!  microor- 
ganisms, and  will  he  again  auinniurized  in  the  difTerentiat  tables  given 
at  the  end  of  the  chapters  dealing  with  this  group. 
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BACILLUS    OOLI    COMMUNIS    AND    MEMBERS    OF    THE    COLON 

BACILLUS    GROUP 

Under  the  name  of  "  colon  bacilli  "  are  grouped  a  number  of  bac- 
terial varieties  differing  from  one  another  somewhat  in  minor  character- 
istics, but  correspoiuting  in  certain  caniinol  points  which  stamp  them 
close  relatives  and  amply  warrant  their  ron;:i(leration  under  one 
ling.  While  usually  living  as  hannlcss  para.sites  upon  the  animal 
and  human  body,  and  capable  of  leatling  a  purely  saprojjhytic  existence, 
they  may,  nevcrthrlcss,  under  certain  circum.stances  become  pathog(>nic 
and  thus,  both  culturally  and  in  their  pathological  significance,  fonn  a 
link  between  pure  saprophytes  like  Bacillus  lactis  acrogencs,  on  the 
one  hand,  and  the  more  strictly  pathogenic  Gram-negative  bacilli  of 
the  paratyphoid,  typhoid,  and  dysenterj'  groups,  on  the  other.  As  a 
type  of  the  group  we  may  consider  in  detail  its  most  prominent  and 
thoroughly  studied  member.  Bacillus  coli  commimis. 

BACILLUS    OOLI    COMMUNIS 

This  microorganism  was  seen  and  described  by  Buchner '  in  1885. 
It  was  thoroughly  studied  in  the  years  immediately  following,  especially 
by  Escherich,'  in  connection  with  the  intestinal  contents  of  infants. 

Morphology.— Bacillus  coli  communis  is  a  short,  plump  rotl  about 
1-3  micra  long,  and  varj'ing  in  thickness  from  one-third  to  one-fifth 
of  its  length.  Under  varj-ing  conditions  of  cultivation,  it  maj'  appear 
to  be  more  slender  than  this  or  .shorter  and  even  coccoid  in  form.  In 
stained  preparations,  it  usually  appears  singly,  but  occasionally  may  be 
seen  in  short  chains.  It  stains  readily  with  the  usual  anilin  dyes  and 
decolorizes  by  Gram's  method.  Spores  are  not  formed.  It  is  motile,  and 
flagella  staining  reveals  eight  or  more  flagella  peripherally  arranged.  Its 
motility  is  subject  to  wide  variations.     Young  cultures,  in  the  first  gen- 

•  Buchnrr.  Arch.  f.  IlyK..  3.  ISSS. 

'EKturirJi.  "  Die  Dannbukt  ties  Sauglings,"  Stuttgari.  188«;  Cent.  f.  Biikt.,  I, 
1887. 
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eration,  after  isolation  from  the  body, may  be  extri'inol}-  motile,  while  old 
labonitorj'  strains  may  show  almost  iio  motility.  Independent  of  theec 
modifying  conditions,  however,  separate'  races  may  show  indiviflual 
eharaeteristifs  as  to  motility,  var\'ing  in  range  between  a  motility 
hardly  distinguishable  from  Brownian  movement  and  one  which  is  so 
active  as  to  be  but  little  less  than  that  of  the  typhoid  bacillus.  Ordi- 
.  narily,  the  colon  bacillus  possesses  a  motility  intennediate  between 
the.'^e  two  extremes. 

Cultivation. — The  bacillus  is  an  aerobe  capable  of  anaerobic  growth 
under  suitable  cultural  contlitions.    It  grows  well  on  the  simplest  media 


at  temperatures  ranging  from  20°  to  10°  C,  but  finds  its  optimum 
growth  at  about  37.5°  C.  Upon  broth  it  grows  rapidly,  giving  rise  to 
general  clouding;  later  to  a  pellicle  and  a  light,  slightly  slimy  sediment. 
Within  moderate?  ranges,  it  is  not  delicately  susceptible  to  reaction, 
growing  equally  well  on  media  slightly  acid  and  on  those  of  a  moderate 
alkalinity. 

Upon  agar,  it  forms  grayish  colonies  which  become  visible  within 
twelve  to  eighteen  hours,  gradually  becoming  more  and  more  opaque 
as  they  grow  older.    The  deep  colonies  are  dense,  evenly  granular,  oval. 
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r  round.  Surface  colonies  often  show  a  characteristic  grape-leaf 
itructure,  or  may  be  round  and  flat,  and  show  a  dcfinitclj'  raised,  glisten- 
g  surface.    Upon  agar  slants,  growth  occurs  in  a  uniform  layer. 

On  gelatin  the  colon  bacillus  grows  rapidly,  causing  no  liiiucfaction. 

urface  colonies  are  apt  to  show  the  typical  grape-leaf  fonnation.    Deep 

colonies  are  round,  oblong. and  glistening.    In  gelatin  stabs  grovrth takes 

place  along  the  entire  line  of  inoculation,  spreading  in  a  thin  layer  over 

the  surface  of  the  medium. 

On  puUito,  growth  is  abundant  and  easily  visible  within  eighteen 
to  twenty-four  hours,  as  a  grayish-white,  glistening  layer  which  later 
turns  to  a  yellowish -brown,  and  in  old  cultures  often  to  a  dirty  green- 
i.sh-brown  color. 

In  ptpton  stAutioii  indol  is  fomied.  In  milk  there  is  acidity  and  co- 
agulation. In  lactose4it>iius-<ujar  acid  is  fomieti,  the  medium  liecom- 
ing  red,  and  gas-bubbles  appear  along  the  line  of  the  stab  inoculation. 

In  carbohydrate  broth,  gas  is  formed  in  dextrose,  lactose,  antl  mannit, 
but  not  in  saccharose,  Levulose.  galactose,  antl  maltose  are  also  fer- 
ment<?d  with  the  formation  of  acid  and  gas. 

Cultures  of  the  colon  bacillus  arc  characterizeil  by  a  peculiar  fetid 
odor  which  is  not  unlike  that  of  diluted  feces.  The  acids  formed  by  the 
colon  bacillus  from  sugars  are  chiefly  lactic,  acetic,  and  foraiic  acids. 
The  gas  it  produces  consists  chiefly  of  CO,  ami  hydrogen.  The  bacillus 
grows  well  on  media  containing  urine  and  on  those  containing  bile. 
Ujxin  the  latter  fact  some  methods  for  the  isolation  of  the  colon 
bacilltis  from  water  and  feces  have  been  based. 

Isolation  of  the  colon  bacillus  from  mixed  cultures  is  most  easily 
accomplished  by  plating  upon  lactose-lit nuis-agar,  the  Conradi-Drigal- 
«ki  medium,  or  the  Endo  nieditun  after  preliminary  enrichment  of  the 
8|)ecimen  U>  be  tested  in  bile  or  malachite-green  broth.  (In  the  case 
of  feces  such  enrichment  is  superfluous.) 

Distribution. — The  colon  bacillus  is  a  constant  inhabitant  of  the 
intestinal  canal  of  lunnan  beings  and  animals.  It  is  also  found  occasion- 
bIIt  in  soil,  in  air,  in  water,  and  in  milk  and  is  practically  ubiquitous  in 
all  neighborhoods  which  are  thickly  inhabited.  When  found  in  nature 
its  presence  is  generally  taken  to  l)e  an  indication  of  contamination  from 
human  or  animal  sources.  Thus,  when  found  in  water  or  milk,  much 
hygienic  importance  is  attached  to  it.  Recently,  Papa.'^otiriu  '  and, 
independently  of  him,  Prescott,^  have  reported  finding  bacilli  apparently 


f  Papaaotiriu,  Arch.  f.  Hyg.,  xli.     »  Prescolt,  Cent.  f.  Bakt    Ref.,  xxxiil,  1903. 
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identical  with  Bacilhis  coll  upon  rye,  barley,  and  oilier  grains, 
believe,  upon  the  basis  of  this  discover^-,  that  Bacillus  coli  is  widely 
distributed  in  nature  and  that  its  presence,  unless  it  appears  in  large 
numlwrs,  does  not  necessarily  indicate  recent  fecal  contamination. 
These  report-s,  however,  have  not  found  confirmation  by  the  work  of 
others,  and  can  not,  therefore,  be  as  yet  accepted. 

In  man,  Bacillus  coli  appears  in  the  intestine  normally  soon  after 
birth,  at  about  the  time  of  taking  the  first  nourishment.'  From  this  time 
on,  throughout  life,  the  baciliu.s  is  a  constant  intestinal  inhabitant  ap- 
parently without  dependence  upon  the  diet.  Its  distribution  within  the 
intestine,  acconling  to  ("uihiiig  and  Livingood,'  is  not  uniform,  it  being 
found  in  the  greatest  numbers  at  or  alxtut  the  ileocecal  valve,  diminish- 
ing from  this  point  upward  to  the  duodenum  and  downward  as  far  as 
the  rectum.  Adami  ^  and  othera  claim  that,  under  nonnal  conditions, 
the  bacillus  may  invade  the  portal  circulation,  possibly  by  the  inter- 
mediation of  leUL'orytic  emigration  during  digestion.  After  death,  at 
autopsy.  Bacillus  coli  is  often  found  in  the  tissues  and  the  blood  with- 
out there  being  vi.sible  lesions  of  the  intestinal  mucous  membmne.*  It 
is  probable,  also,  that  it  may  enter  and  live  in  the  circulation  a  few 
hours  before  death  during  the  agonal  stages. 

E.xtensive  investigations  have  been  carried  out  to  determine  wheth- 
er or  not  the  constant  pa-sence  of  this  microorganism  in  the  intestinal 
tract  is  an  iniiication  of  its  possessing  a  definite  physiological  function  of 
advantage  to  its  host.  It  has  been  argued  that  it  may  aid  in  the  fermen- 
tation of  carbohydrates.  The  question  has  been  ajiproached  experiment- 
ally by  a  immber  of  investigatoi"s.  Nuttall  and  Thierfrldcr '  delivered 
guinea-pigs  from  the  mother  by  Cesarean  section  and  succecfled  in 
keeping  them  without  infection  of  the  intestinal  canal  for  thirteen  days. 
Although  no  microorganisms  of  any  kind  were  found  in  the  feces  of 
thesi>  animals,  no  hann  seemed  to  accrue  to  them,  and  some  of  them 
even  gained  in  weight.  Schottelius,"  on  the  other  hand,  obtained  con- 
tradictor)' results  when  working  with  chicks.  .Vllowing  eggs  to  hatch  in 
an  especially  constructed  glass  compartment,  he  succeeded  in  keeping  the 

•  SchiUl.  Zeit.  f.  Hyg.,  xix.  1895;  Lrmbkr.  Arch.  f.  Uyp..  xxvi,  1896. 

•  Cu»hing  and  Livingood,  "  Contributions  to  Motl.  Sci.  l)y  Pupila  of  Win.  Welch." 
Johns  Hopk.  Press.  1900. 

«  Adami,  Jour,  of  Kmor.  Med.  Assn..  Dec.,  1899. 

«  BirthrHirachfeld,  Ziegler's  Beitr..  2-1,  1898. 

»  Nuttall  und  Thxerfrlder,  7jo\t.  f.  Phy.siol.  Chemie,  xxi  and  xxn. 

•  Sckutttliiu,  Arch.  f.  Hyg.,  xxxiv.  1889. 
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lieks  and  their  entire  environment  sterile  for  seventeen  days.  During 
his  time  tliey  lost  weijjht,  did  not  thrive,  and  some  of  them  were  niori- 
)und  at  the  end  of  the  second  week,  in  marked  contrast  to  the  healthy, 
iell-i;onrni.shed  controls,  fed  in  tlu'  sMine  way,  hut  iitKltM-  nnliiiafv  on- 
dronmcntal  conditions.  Although  insufficient  work  has  been  done  upon 
this  important  question,  and  no  definite  statement  can  be  made,  it  in 

[more  than  likely  that  the  function  of  the  Hacillus  eoli  in  Ihe  intestine 

Lis  not  inconsiderable  if  only  because  of  its  possible  untaj;oMism  to  cer- 

Ltnin  ])utrefactive  bacteria,  a  fact  which  has  been  demonstrated  in  inter- 

festinir  studies  by  Bienstoek  '  and  ofliei*s.* 

Pathogenicity. — The  pathogenicity  of  the  colon  liaeilhis  for  anirtmls 
.  slight  and  varies  greatly  with  dilTcrent  strains.    Intraiveritoneal  in- 

[.jeetions  of  1  c.e.  or  nmre  of  a  bmtli  culture  will  often  cau.se  death  in 
linea-pigs.     Large  do.ses  intravenously  administered  to  rabbits  nuiy 

[frequently  caiise  a  rapid  sinking  of  the  temperature  and  death  with 
gymptoms  of  violent  intoxication  within  twenty-four  to   forty-eight 

^liours.  Suljcutaneous  inoculation  of  iiioderate  do.ses  usually  results  iu 
nothing  more  than  a  localized  ab-scess  from  which  the  animals  recover. 
It  is  likely  that,  even  in  fatal  cases,  dwUh  results  cliicHy  from  the  acliou 
of  poisfjiis  liberated  from  the  disintegrating  bacteria  and  not  from  tiio 
multiplication  of  the  bacilli  themselves,  for  of'en  no  living  organism 
can  be  found  unless  large  dases  are  given. 

Iu  man,  a  largo  variety  of  lesions  produced  by  Bacillus  coIi  have 
been  described.  It  is  a  surprising  fact  that  disca.sc  should  be  cau.■^ed 
at  idl,  in  man,  by  a  nucroorgaiu'sm  whicli  is  so  constantly  present  in 
large  numbcra  in  the  intestine  and  against  which,  therefore,  it  is  to  be 
expected  that  a  certain  amount  of  immunity  should  be  developed.  A 
numl)er  of  explanations  for  this  state  of  afTairs  have  been  advanced, 
none  of  them  entirely  satisfacforj'.  It  is  probable  that  nom-  of  the  jx)i- 
sonous  products  of  the  colon  bacillus  is  absorbed  uiu'hanged  by  the 
healthy  unbroken  m\ico.sa  and  that,  tluTcfore,  the  niicroorganisnis  arc, 
strictly  speaking,  at  all  times,  outside  of  the  body  proper.  Under  these 
circumstancea,  no  process  of  immunization  would  be  anticipated.  It 
is  also  pos-sible  that,  whenever  an  infection  with  Bacillus  coli  does  occur, 
the  infecting  organism  is  one  which  hius  Imm-ii  recently  ac(]uireil  from 
another  host,  having  no  sjiecific  adaptation  to  the  infected  liody.  Viru- 
lence may  po,ssibly  be  enhanced  by  indanunatoiy  proces,si's  causeit  by 
other  organisms.    Considering  the  subject  from  another  point  of  view, 


26 


Bicnttock,  .\rcli.  f.  flyg.,  xxxix,  I90I. 
»  Titrier  and  Martelhj.  .\nn.  du  I'inat.  Paateur,  1902. 
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colon-bacillus  infcrtion  may  possibly  take  place  simply  because  of  unu- 
sual tumporaiy  reductiun  of  the  resistance  of  the  host.  Whether  or  not 
altered  cultural  conditions  in  the  intestine  may  lead  to  marked  enhance- 
ment in  the  virulence  of  the  colon  bacilH  can  not  at  present  be  decided. 
The  opinion  has  been  frequently  advanced,  however,  without  adeciuate 
experimental  support. 

Septicemia,  due  to  the  colon  bacillus,  has  been  descri!M^(!  by  a  large 
number  of  observers.  It  is  doubtful,  however,  whether  many  of  these 
cases  represent  an  actual  primary  invasion  of  the  circulation  by  the 
baci]!i,or  whether  their  entrance  was  not  simply  a.sfjcondnry  phenomenon 
occurring  during  the  agonal  stages  of  another  condition.  .\  few  unijucs- 
tionable  cfises,  however,  have  been  reported,  and  there  can  be  no  doubt 
about  the  occurrence  of  the  condition,  although  it  is  probably  less 
frequent  than  fomierlj-  supposed.  The  writers  have  observed  it  on 
two  occasions  in  cases  during  the  lethal  stages  of  severe  systemic 
di.sease  due  to  other  causes.  An  extremely  interesting  group  of  such 
cases  are  those  occurring  in  new-born  infants,  in  which  generalized 
colon-bacillus  infection  may  lead  to  a  fatal  condition  known  as 
Winckel's  ilisea.se  or  hemorrhagic  septicemia.'  Pi-ominent  among 
disease  proccs-ses  attributed  to  tliese  microorganisms  ar"  vcuiuus  diar- 
rheal conditions,  such  as  cholera  nostras  and  cholera  infantum.  The 
relation  of  the.'^e  maladies  to  the  colon  bacillus  has  been  studied  es- 
pecially by  Kscherich,'  but  sutLsfactory  eviiience  that  these  bacilli  may 
specifically  cause  such  conditions  has  not  been  brought.  While  it  is  not 
unlikely  that  under  conditions  of  an  excessive  carbohydrate  diet,  colon 
bacilli  may  aggravate  morbid  processes  by  a  voluminous  formation  of 
gas,  they  do  not,  of  themselves,  take  part  in  actual  putrefactive  proc- 
esses. It  is  likely,  therefore,  that  in  most  of  tlie  intestinal  diseases 
formerly  attributed  purely  to  bacilli  of  the  colon  group,  thesi;  micro- 
organisms actually  play  but  a  secondary  part." 

It  is  equally  difficult  to  decitic  whether  or  not  these  bacilli  nuiy  be 
regarded  as  the  primarj-  cau.se  of  peritonitis  following  perf()ration  of 
the  gut.  Although  regularly  found  in  such  conditions,  they  are  hardly 
ever  found  in  pure  culture,  beinjr  accompanied  usually  by  staphylococci, 
streptococci,  or  other  microorganisms,  whose  relation.ship  to  disea.se  is 
far  more  definitely  established.  Isolated  cases  have  been  reported, 
however,  one  of  them  by  Welch,   in  which  Bacillus  coli  was  present  in 

*Kamm,  Zieglcr's  Bcitr.,  14,  1896. 

*EacKtrich,  loc.  cil. 

*  Hurler,  "  Bact.  Infec.  of  Digest.  Tract,"  N.  Y.,  1907. 
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the  peritoneum  in  pure  culture  without  there  having  been  any  intestinal 
|X!rforation.'  Granting  that  the  bacillus  is  able  to  proliferate  within 
the  peritoneum,  there  is  no  reason  for  doubting  its  iibility  of  giving  rise 
to  a  mild  suppurative  process. 

Inflammatorj'  conditions  in  the  liver  and  gall-bladder  have  fre- 
quently been  attributed  to  the  colon  bacillus.  It  has  Ijeen  isolated  from 
liver  abscesses,  from  the  liile,  and  fi'om  the  center  of  gall-stones.  Welch 
has  reported  a  case  of  acute  hemorrhagic  pancreatitis  in  which  the 
bacillus  was  isolated  from  the  gall-bladder  and  from  the  pancreas. 

In  the  blatlder,  Bacillus  coli  frequently  gives  rise  to  cystitis  and  oc- 
casionally to  ascencUng  pyonephrosis.  No  other  microorganism,  in  fact, 
is  found  so  frequently  in  the  urine  as  this  one.  It  may  be  present,  often, 
in  individuals  in  whom  all  morbid  processes  are  absent.  The  condition 
is  frcc(uently  observed  during  the  convalescence  from  typhoiil  fever. 
It  may  disappear  spontaneously,  or  cystitis,  usually  of  a  mild,  chronic 
variety,  may  supervene. 

Localized  suppurations  due  to  thi.s  bacillus  may  take  place  in  all 
parts  of  the  body.  They  are  most  frequently  localized  about  the  anus 
and  the  genitals.  They  are  usually  mild  and  easily  amenable  to  the 
simplest  surgical  treatment. 

Poisonous  Products  of  the  Oolon  Bacillus. — The  colon  bacilhis  belongs 
essentially  to  that  group  of  bacteria  whose  toxic  action  is  supposed  to 
be  due  to  the  poisonous  substances  containe<l  within  the  bacillary  body. 
Culture  filtrates  of  the  colon  bacillus  show  very  little  to.xicity  when  in- 
jected into  animals;  whereas  the  injection  of  dead  bacilli  produces 
symptoms  almost  equal  in  severity  to  those  induced  by  injection  of  the 
live  microorganisms.  Corroborative  of  the  iussumption  of  this  cndotoxic 
nature  of  the  colon-bacillus  poison  is  the  fact  that,  so  far,  no  antitoxic 
bodies  have  been  demonstrated  in  serum  as  resulting  from  immuniza- 
tion. 

Immunization  with  the  Colon  Bacillus. — The  injection  into  animals  of 
graduallj'  increasing  dcses  uf  living  or  deai!  colon  bacilli  gives  rise  to 
specific  bacteriolytic,  agglutinating,  and  precipitating  substances. 

The  bacteriolytic  substances  may  be  easily  demonstrated  by  the 
technique  of  tlie  Pfeiffer  reaction.  In  vitro  bacteriolysis  is  less  marked 
than  in  the  ca.se  of  some  other  microorganisms  such  jis  the  cholera  spiril- 
lum or  the  typhoid  bacillus.  Owing  probably  to  the  habitual  presence 
of  colon  bacilli  in  the  intestinal  tracts  of  animals  and  man,  considerable 


>  Wekk,  Med.  News,  59.  ISQl. 
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bacteriolysis  may  occasionally  be  demonstrated  in  the  serum  of  normal 
individuals. 

Agglutinins  for  the  colon  bacillus  have  often  been  produced  in  the 
sera  of  immunized  animals  in  concentration  sufficient  to  be  active  in  dilu- 
tions of  1  :  5,000  and  over.  The  agglutinins  are  produced  equally  well 
by  the  injection  of  live  cultures  and  of  those  killed  by  heat,  if  the  tem- 
perature used  for  sterilization  floes  not  exceed  100°  C.    It  is'  a  notice- 


1  2  3 

Fio.  84. — BACiixrs  cou  commuvis.  Grown  in:  1.  Dextrose,  2.  Lactow,  3. 
Sttccharo8e  broth.  The  bacillus  forms  acid  and  gas  from  dextrose  and  lactooe, 
not  from  iiaccharoae.  Note  the  abRence  uf  growth  in  the  closed  arm  of  the  aao- 
charose  tube,  in  which  no  acid  or  gas  is  formed. 


able  fact  that  the  injection  of  any  specific  race  of  colon  bacilli 
produces,  in  the  immunize<l  animal,  high  agglutination  values  only  for 
the  individual  culture  used  for  immunization,  while  other  strains  of 
colon  bacilli,  altlunigh  agglutinated  by  the  serum  in  higher  dilution 
than  are  paratyphoid  or  typhoid  Imcilli,  require  much  higher  concen- 
tration than  does  the  original  strain.  The  subject  has  been  extensively 
studied  by  a  number  of  observers  and  illustrates  the  extreme  individual 

>  Wdff,  Cent.  f.  Bakt.,  Jtxv,  1899. 
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Kpeoificity  of  the  agglutination  n-acficm.  Thus  a  s«'riim  which  will 
ni:glulinate  its  homologous  strains  in  dilutions  of  one  1 : 1,(HX>  will  often 
fail  to  agrglutinate  other  races  of  Bacillus  coll  in  dilutiona  of  1:500 
or  1 :  600. 

The  normal  serum  of  adult  animals  and  man  will  often  agglutinate 
this  bacillus  in  dilutions  as  high  as  1: 10  or  1:  20 — a  phenomenon  pos- 
sihly  n-fcrable  to  its  habitual  presence  within  the  body.  Corrobo- 
rating this  assumption  is  the  observation  of  Kraus  and  LiJw,' 
that  the  serum  of  new-born  animals  pos.sesses  no  such  agglutinating 
powers.    The  fact  that  agglutinins  for  the  colon  bacillus  are  increased 


Flo.  85. — BxaLLUB  cou  ccmmttnior.     Grown  in:    1.   Dextrose,    2.  Lactose,   3. 

Saccharose  broth. 


in  the  serum  of  patients  convalescing  from  typhoid  fever  or  dysentery 
is  probably  to  be  explained,  partly  by  the  increase  of  the  group  agglu- 
tinins protluced  by  the  specific  infecting  nKciit,  and  partly  by  the  in- 
vasion of  colon  bacilli,  or  the  absorption  of  its  products  induced  by  the 
dise^ased  state  of  the  intestinal  mucous  membrane. 

Varieties  of  the  Colon  Bacillus, — During  the  earlier  days  of  bacterio- 
logical investigations,  a  lai-ge  number  of  distinct  varieties  of  colon  bacilli 
were  described,  many  of  which  may  now  be  dismiiised  as  based  simply 

'  Kraus  und  Uw,  Wien.  klin.  Woch.,  1899. 
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upon  a  temporary'  depression  of  one  or  anotlier  cultural  characteristic  of 
Bacillus  cnli  coniiminis,  while  others  can  be  definitely  included  within 
other  closely  related,  Init  distinct  groups. 

That  secondary  features,  such  tis  dimensions,  motility,  and  luxuri- 
ance of  fjrow  th  upon  various  media,  may  be  markedly  altered  hy  arti- 
ficiHl  fultivatiou  is  a  cotniiion  ohscrvatioii.  It  has  not,  however,  hK-eti 
satisfactdrily  shown  that  cardiiud  characteristics,  such  as  the  forma- 
tion of  indol  from  pepton,  or  the  power  to  produce  gas  from  dextrose 
and  lactose,  can  be  permanently  suppressed  without  actual  injury  or 
inhibition  of  the  normal  vitality  of  the  microorganism.  Sucli  alter- 
ation is,  in  fact,  contrary  to  experience,  which  demonstrates  that 
wlienever  such  changes  do  occur,  they  aI1^  purely  temporary  and  a  few 
generations  of  cultivation  under  favoralilc  environmental  conditions 
will  regularly  restore  the  organism  to  its  normal  activity. 

BaciUtu  coli  communior.— Distinct  and  constant  varieties  of  Bacil- 
lus coli,  luiwcver,  do  occur.  The  most  common  of  these  is  one  whicl' 
hmdiani  has  named  Hucillus  coli  romniutiinr,  because  of  the  fact  that 
he  believes  it  to  be  more  abundant  in  the  human  and  animal  intestine 
than  is  coli  conununis  itself.  This  bacillus  possesses  all  the  cardinal 
characteristics  of  the  colon  group.  It  is  a  Gram-negative  bacillus, 
moderately  motile,  non-sporulating,  and  morphologically  indistinguish- 
able from  the  communis  variety.  It  does  not  liquefy  gelatin,  it 
produces  indol  from  pepton,  coagulates  and  acidifies  milk,  and  grows 
characteristically  upon  agar  and  p<itato.  It  differs  from  Bacillus  coli 
communis  in  that  it  produces  acid  and  gas  from  saccharose  as  well  as 
from  dextrose  and  lactose,  whereas  the  former  does  not  form  acid  or 
gas  from  saccharose. 
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CHAPTER   XXVII 

BACILLI  OF  THE  COLON-TYPHOID-DYSENTERY  GROUl- 
(Coniinueii) 

THE   BACILLUS   OF   TYPHOID    FEVER 

{Bacillus  lyphosus,  Bacillus  typhi  ahdominalift) 

Typhoid  fever,  because  of  its  wide  distribution  and  almost  con- 
stant presence  in  most  communities,  has  from  the  earliest  days  been  the 
subject  of  much  etiolopical  inquiry.  A  definite  conception  as  to  its 
infectiousness  and  transmission  from  case  to  case  was  formed  iis  early 
as  ISoli  by  Budd.' 

But  it  was  not  until  1S<S0  that  Eherth  ^  discovered  in  the  spleen  and 
mesenteric  glands  of  typhoid- fever  patients  who  had  come  to  autojjsy, 
a  bacillus  which  we  now  know  to  l>e  the  cause  of  the  disease.  Final 
proof  of  such  an  etiological  connection  was  then  brought  by  flaffky,' 
who  not  only  saw  the  bacteria  referred  to  liy  Eberth,  but  succeetied  in 
obtaining  them  in  jnireculture  and  studying  their  gi-owth  characteristics. 

Morphology  and  Staiaing, — The  typhoid  bacillus  is  a  short  rod  from 
1-3.5  /Ji  in  length  with  a.  varying  witltk  of  from  .5  to  .8  /i.  In  appear- 
ance it  has  nothing  ah.solutely  distinctive  which  could  serve  to  differen- 
tial* it  from  othei'  Ijacilli  of  the  typhoid-colon  group,  except  that  it  has 
a  general  tendency  to  greater  slenderncss.  Its  ends  are  romuled  wit'  out 
ever  being  club-shaped.  Contrary  to  the  descriptions  of  the  earliest 
oliservers.  typhoid  bacilli  do  not  form  spores.  They  are  actively  motile 
and  have  twelve  or  more  (lagella  peripherally  arranged. 

The  bacilli  stain  readily  with  the  usual  anilin  dyes.  Stained  by 
riram's  method,  they  arc  decolorized. 

Odtivation.  —Bacillus  typhosus  is  easily  cultivated  upon  the  usual 
laborator}'  media.  It  is  not  delicately  susceptible  to  reaction,  but  will 
grow  well  upon  media  moderately  alkaline  or  acid.  It  is  an  aerobic  and 
facultative  anaeroliic  organism,  when  the  proper  nutriment  is  present. 
Upon  ayar  plates  growth  appears  within  eighteen  to  twenty-four  hours 

'  Bwld.  "  Intestinal  Fever,"  Lancet,  1856. 
'Eberth,  Virch.  Archiv,  81,  1880,  and  83,  1881. 
»Gaffky,  Mitt.  a.  d.  kais.  Ge.sundheitsarat,  2,  1884. 
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as  small  crnyisli  colonies  iit  first  1  ransjinri'iit,  latiT  opaiiiio.  Upon  asar 
slants  growth  takes  plaee  in  a  uniform  Inyer.  There  is  notliini;  eiiarac- 
teristic  abuut  this  growth  to  aid  in  differentiation. 

In  brotli,  the  typhoid  baeillus  fjrows  rapidly,  giving  rise  to  an  oven 
eloudiiijr,  rarely  to  a  peltiele. 

Upon  gelatin,  the  typhoid  bacillus  grows  readily  and  does  not  lique- 
fy the  medium.  In  stabs,  ijrnwth  takes  plaee  alon^  tlie  entire  extent 
of  tile  stab  and  over  tJie  surfaee  of  the  fjeiatin  in  a  tliiii  layer.  In  gela- 
tin plates  the  jrrowth  may  show  soniedistinetion  from  that  of  other  mem- 
bers of  this  group,  and  this  medium  was  formerly  much  used  for  isolation 


Fio.  86. — Bacillus  ttphosus,  from  twenty-four-hour  culture  on  agar. 


of  (he  baeillus  from  mixed  cultures,  firowth  appears  within  twenty- 
four  houis  as  small,  transparent,  oval,  round, or  occasionally  leaf-shaped 
colonies  which  are  smaller,  more  delicate,  and  more  transparent  than 
contemporary  coloni&s  of  the  colon  bacillus.  They  do  not,  however, 
show  any  reliable  differential  features  from  bacilli  of  the  dysentery 
group.  As  the  colonies  grow  older  they  grow  heavier,  more  opaque,  and 
lose  much  of  their  early  differential  value. 

On  potato  the  growth  of  typhoid  bacilli  is  distinctive,  and  this  me<lium 
was  recommended  by  Gaffky  '  in  his  early  re.searches  for  purposes  of 

'  Gaffky,  loc.  dt. 
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identification.  On  it  typhoid  bacilli,  after  twenty-four  to  forfy-eight 
hours,  produce  a  hardly  visible  growth,  evident  to  the  naited  eye 
only  by  a  slight  moist  glistening,  an  appearance  which  is  in  marked 
contrast  to  the  grayish-yellow  or  even  brown  and  iibundant  growth 
of  the  colon  bacilli.  If  the  potato  medium  is  rendered  neutral  or 
alkaline,  this  distinction  disappears,  the  typhoid  bacillus  growing 
more  abundantly. 

In  niiik,  typhoid  bacilli  do  not  produce  coagulation.  In  litmus-milk, 
during  the  first  twenty-four  hours,  the  color  is  changed  to  a  recldish  or 
violet  tinge  by  the  formation  of  acid  from  the  small  quantities  of  mono- 


FtG.  87.— Bacillus  TTPHOSrts,  showing  flagella.    (After  Frftnkel  and  Pfeiffer.) 

>ftcchari<l  present.  Later  the  color  becomes  det;p  blue  from  the  forma- 
tion of  alkali. 

In  Diinhnin'.s  jieplon  sobdion  no  indol  is  produced.  According  to 
I'eckham,  however,  continuous  cultivation  in  rich  pepton  media  may 
lead  to  eventual  indol  formation  by  typhoid  bacilli.  This  fact  appears 
to  have  no  bearing  on  the  value  of  the  indol  test,  as  indol  is  never  formed 
under  the  usual  cultural  conditions. 

In  (fex/rose,  Tmi/zni'te,  for/o.se,  and  nacdiarouc  hrntk,  the  typhoid  bacil- 
his  produces  no  gas.  A  comparative  sunmmiy  of  the  action  of  other 
bacilli  of  this  prou|>  in  these  sugar  media  will  be  given  in  the  final  dif- 
ferential table  on  page  44.'i. 
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Tested  for  its  power  to  form  acid  from  sugars  commonly  used  in 
differential  tests,  typhoid  bacilli  form  acid,  but  no  gas,  on  the  mono- 
saccharides, on  niannit,  maltose  and  dextrin,  but  not  on  lactose  and 
saccharose.     (See  Table,  p.  44.) 

In'  the  Hii3s  tube  medium  (see  section  on  Metlia,  page  133),  the 
typhoid  bacillus  within  eighteen  to  twenty-four  hours  produces  an  even 
clouding  by  virtue  of  its  motility,  but  does  not  form  gas.  In  contradis- 
tinction to  this,  dysentery  bacilli  grow  only  along  the  line  of  inocula- 


Fio.  88. — Surface  Gou>ny  of  Baciixus  typhosus  on  Gelatw.    (After  Heim.) 


tion,  while  bacilli  of  the  colon  {•roup  move  in  irregular  .Hky-rocket-lilce 
figures  away  from  the  stab,  at  the  same  time  brcakinj;  up  the  medium 
by  the  formation  of  gas-bubbles.  Some  actively  motile  colon  bacilli 
cloud  the  medium,  but  the  ruptures  caused  by  the  gas  are  always 
evident. 

The  differentiation  of  the  tj-phoid  bacillus  in  pure  culture  from  similar 
microorganisms  by  means  of  its  growth  upon  media  has  bwn  the  sulv 
ject  of  many  investigations.  It  is  neither  practicable  nor  desirable  to 
enumerate  all  the  various  media  which  have  been  devised  and  reported. 
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The  aim  has  been  chiefly  the  differentiation  of  typhoid  bacilli  from  the 
bacilli  of  the  colon  group,  and  most  of  the  media  have  been  devised  with 
this  end  in  view.    (Sec  section  on  Media.) 

UolhlxTger  '  hiva  ilevised  a  riiixturc  of  filucoHo  :if(ar  to  which  in  added 
one  per  cent  of  a  saturated  aqueous  solution  of  ueutral-R-d,  Shake-cul- 
tures or  stab-cultures  are  made  in  tubes  of  this  medium.  The  typhoid 
bacillus  causes  no  changes  in  it,  while  members  of  the  colon  group,  by 
reduction  of  the  neutral-red,  decolonze  the  medium  and  protluce  gas  by 
fennentation  of  the  sugar. 

Utilizing  the  fact  that  bile-salts  are  precipitateil  in  the  presence  of 
acids,  Macconkey  devised  a  medium  compo.'K.'d  of  sodium  glyeocholate, 
pepton,  lactose,  and  agar  (the  composition  of  this  medium  is  given  on 
page  l.'iS),  in  which  Hacillus  typbosus  grows  without  causing  much 
change,  but  distinct  clouding  results  from  the  growth  uf  the  colon  bacillus 
which,  producing  acid  from  the  lactosi",  causes  precipitation  of  the  bile- 
salts. 

On  Wurtz's  lactose-litnms-agar  (see  page  129)  the  typhoid  bacillus 
produces  no  acid,  but  eventually  deopt'iis  the  purple  color  to  blue; 
the  colon  bacillus  produces  acid  an<l  in  stab-cultures  gas  bubbles  and 
the  color  changes  to  red. 

In  Barsiekow's  (see  page  139)  lactose-nutrose-litmus  mixture  the 
typhoid  bacillus  causes  no  change,  while  the  colon  bacillus  produce? 
coagulation  and  an  acid  reaction. 

Cnltnral  Differences  Within  the  Typhoid  Group. — Recent  work  by 
H.  Weiss  in  this  laboratory  has  slunvn  that  not  all  typhoid  bacilli  are 
culturally  alike,  there  heint;  two  distinct  groups,  one  which  ferments 
xylose  and  the  other  which  does  not.  This  work  is  hein^  elaborated. 
Since  there  are  also  iuiliarenic  difTerences  it  may  he  necessary  in  the 
future  to  speak  rather  of  a  typhoid  group  than  of  the  typhoid  bacillus. 

Biological  Oonsiderations. — The  typhoid  bacillus  is  an  aerobic  and 
facultatively  anaerobic  organi.sm  growing  well  lioth  in  the  ])rpsence  and  in 
the  absence  of  oxygen  when  certain  sugars  aiti  present,  showing  a  slight 
preference,  however,  for  well  aerated  conditions.  It  grows  most  luxu- 
riantly at  temperatures  about  .'J7..5°  C. ,  but  continues  to  grow  within  a 
range  of  temperature  lying  between  1.5°  and  41°  C.  Its  thermal  death 
point,  according  to  Sternberg,  is  56°  0.  in  ten  minutes.  It  remains  alive 
in  artificial  cultures  for  several  months  or  even  years  if  moisture  is  sup- 
plied.    In  carefully  sealed  agar  tubes  Hiss  has  found   the  organisms 


"  Rothberger,  Cent,  f,  Bakt,,  xxiv,  1898. 
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alivo  aftiT  thirlc'cti  j'eafs.  In  ntitunil  waters  it  may  remain  alive  as 
long  aa  thirty-^ix  days,  according  to  Klein.'  In  ice,  according  to  Prud- 
don,'  it  may  remain  alive  for  three  months  or  over.  .Vgainst  tlie  ordi- 
nary disinfectants,  the  typhoid  bacillus  i.><  comparatively  more  resistant, 
than  some  other  vegetative  forms.  It  is  kille<l,  however,  by  1  :  .500 
bichlorid  or  five-per-cent  carbolic  acid  within  five  minutes. 

Pathogenicity. — In  animals,  some  early  investigators  to  the  contrary, 
typhoidal  infection  does  not  occur  spontaneously  and  artificial  inocula- 
tion with  the  typhoid  bacillus  does  not  produce  a  di.sea.se  analogous  \jv> 
ty])huid  fever  in  the  human  being.  Frankel  ^  was  able  to  produce  intes- 
tinal lesions  in  guinea-pigs  by  injection  of  the  bacilli  into  the  duodenum, 
and  recovered  the  bacteria  from  the  spleens  of  the  animals  after  lieath, 
but  the  di.sease  produced  was  in  no  other  respect  analogous  to  typhoid 
fever  in  the  human  being.  It  is  probable  that  typlioid  bacilli  injected 
int«  animals  do  not  multiply  extensively  and  that  mo.st  of  the  symp- 
toms producetl  are  due  to  the  endotoxins  lilH-rated  from  the  dead  iiac- 
teria.  In  corroboration  of  this  view  is  the  observation  that  inoculation 
with  dead  cultures  is  followed  by  essentially  the  same  train  of  symp- 
toms as  inoculation  with  live  cultuivs.'  The  injection  of  large  doses  into 
rabbits  or  guinea-pigs  intravenously  or  intraptn'itoneally  is  usually 
followed  by  a  rapid  drop  in  tcmpenitun>,  often  by  respiratory  em- 
barra-ssment  and  diarrhea.  Occasionally  blood  may  be  present  in 
the  stools.  According  to  the  size  of  the  dose  or  the  weight  of  the  ani- 
mal, death  may  ensue  within  a  few  hours,  or,  with  ])rogres.-4ive  emacia- 
tion, after  a  number  of  days,  or  the  animal  may  gradvially  recover. 
Welch  and  Blachstein '  have  shown  that  typhoid  bacilli  injected  into 
the  ear  vein  of  a  rabbit  appear  in  the  liile  and  may  p«'rsist  in  the  gall- 
bladder for  weeks.  Typhoid  bacilli  i.><t)lnt<'c!  from  ilitTerent  sources  may 
show  consideral)le  variations  in  virulence  and  toxicity. 

Dot^rr,"  Koch,'  Morgan,*  and  more  recently  Johnston*  have  all 
confirmed  this,  the  last  named  showing  that  the  typhoid  bacillus  could 
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'  Klein,  Med.  Officers'  Report,  Local  Govern.  Bd.,  London,  18M. 

»  Prudden,  Med.  Rec.,  1887. 

»  Frdnkel,  Cent.  f.  Win   Med.,  10,  1888. 

•  Petrutchky,  Zeit.  f.  Hyg.,  xii,  1892. 

»  WMi  and  BtacMnn,  Bull.  Johns  Hop.  Hoep.,  ii,  1891. 

•  Door,  Cenlralbl.  f.  Bakl.,  1905. 
'  Koeh,  Zeitachr.  f.  Hyg.,  IflOO. 

•  Morgan,  Jour,  of  Hyg.,  191 1 . 

•  JolituUon,  Jour,  of  Med.  Rea.,  xxvii,  1912. 
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not  only  romain  latent  for  a  long  time  in  the  gall-bladder  of  rabbits, 

but  would  appear  in  the  blood  stream  with  considerable  regularity 

after  the  seventh  or  ninth  day,  and  persist  for  as  long  as  125  days. 

Gay  and  Claypole '  have  been  able  to  produce  the  carrier  state  in 

rabbits  with  great  regularity  by  growing  the  typhoid  cultures  used  for 

inoculation  upon   agar   containing   10  per  cent  defibrinated  rabbit's 

blood.    Such  cultures  are  not  as  readily  agglutinated  by  immune  serum 

as  are  those  grovm  on  plain  agar,  and  it  may  well  be  that  tliey  have 

acquired  a  certain  degree  of  resistance  to  the  serum  antibodies  which 

renders  them  more  comjwtent  to  survive  in  the  l>ody  of  the  ralibit. 

Gay  has  used  rabl>its  inoculated  with  such  cultures  for  the  determination 

of  the  efficacy  of  his  sensitized  vaccines. 

In  man  the  large  majority  of  t>q>hoid  infections  take  the  form 
of  the  disea.se  clinically  kno\\Ti  as  tj'phoifl  fever.  For  a  description 
of  the  clinical  course  and  pathological  lesions  of  the  disease,  the  reader 
is  referred  to  the  standard  text-books  of  medicine  and  pathology. 
During  the  course  of  the  disea.se,  and  during  convalescence,  the  bacilli 
may  l>c  cultivatetl  from  the  circulating  blood,  the  rose  spots,  the  feces, 
the  urine,  and  in  exceptional  ca.ses  from  the  sputum.  At  autopsj'  the 
bacilli  may  be  obtained  from  these  sources  as  well  as  from  the  lesions  in 
the  intestine,  the  spleen,  and  often  from  the  liver,  kidneys,  and  from  the 
gall-bladder. 

Though  formerly  ri'garded  as  primarily  an  intestinal  dtsea.se,  recent 
investigations  have  brought  convincing  proof  that  the  disease  is  in  its 
inception  actually  a  bacteriemia.  It  is  not  unlikely  that  the  intestinal 
lesions  are  largely  the  result  of  toxic  products  which  are  excreted 
through  the  intestinal  wall. 

Typhoid  Bacilli  in  the  Blood  ditrintj  the  Disease. — The  investigations 
of  many  workers  have  shown  that  t3iihoid  bacilli  are  present  in  the 
circulating  blood  of  practically  all  patients  during  the  early  weeks  of  the 
di.sease.  Series  of  cases  have  been  studied  by  Castellani,*  Schottmtil- 
ler,'  and  many  others.  More  recently  Coleman  and  Buxton  *  have 
reported  their  researches  upon  123  cases,  and  have  at  the  same  time 
analyze*!  all  cases  previously  reported.  Their  analysis  of  blood  cultures 
taken  at  different  stages  in  the  disease  is  as  follows : 


•Gov  and  Claypole,  Arch,  of  Inf.  Med.,  Dec.,  1913. 

*  Caaldlani,  Riforma  medica,  1900. 

*  SchoUmuelUr,  Deut.  med.  Woch.,  xxrii,  1900,  and  Zeit.  f.  Hyg.,  xxxvi,  1901. 

*  Coleman  and  BuxUm,  Am.  Jour,  of  Med.  Sci.,  133,  1007. 
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Of  224  cases  during  (iret  week,  89  per  cent  were  positive.  ^^^^| 

^^             Of  484  cases  during  second  wwk,  73  per  cent  were  [xjeitive.  ^^^^| 

^H              Of  268  cases  during  third  week,  60  per  cent  were  positive.  ^^^^| 

^K              Of  103  cases  during  fourth  week,  38  per  cent  were  positive.  ^^^H 

^»                Of    58  cases  after  fourth  ww;k,  26  per  cent  were  positive.  ^^^H 

The  technique  recommended  by  Coleman  and  Buxton  for  obtaining    ■ 
blood  cultures  is  that  recommended  by  Conradi,'  slightly  modified,    The 
blood  is  taken  into  flasks  each  containing  about  20  c.c.  of  the  following 
mixture: 

Ox-biJe 900  c.o.  ^^H 

Glycerin 100  o.c.  ^^^| 

Pepton 20  grams.       ^^^B 

About  3  c.c.  of  blood  are  put  into  each  flask.  The  ox-bile,  besides 
preventing  coagulation,  may  possibly  neutralize  the  bactericidal  sul> 
stances  present  in  the  drawn  blood.  The  flasks  are  incubated  for  eigh- 
teen to  twenty-four  hours,  at  the  end  of  which  time  streaks  are  made 
upon  plates  of  lacto.se-litmus-agar  and  the  organisms  identified  by 
agglutination  or  by  cultural  tests. 

European  workers  have  generally  preferred  to  make  high  dilution  of 
the  blood  in  fltisks  of  bouillon,  small  quantities  of  blood,  1  to  2  c.c,  being 
mixed  with  100  to  150  c.c.  of  nutrient  broth.  ■ 

Epstein '  has  reported  excellent  results  from  mixing  the  blood  in 
considerable  concentration  with  two-per-cent  glucose  agar  and  pouring 
plates. 

The  wxiters  in  hospital  work  have  had  equally  good  results  with  the 
bile  medium  and  with  broth  in  flasks,  rather  less  uniform  but  still  satis- 
factorj'  results  with  the  plating  method.    In  general  it  may  be  said  that    ■ 
any  one  of  tliese  methods  carried  out  with  reasonable  accuracy  may  be     I 
satisfactoril}'  employed.  I 

Typhoid  Bacilli  in  the  Stools. — The  examination  of  the  stools  for  I 
typhoid  bacillus  is  performetl  for  diagnostic  purposes  chiefly  in  obscure - 
coses.  It  may,  furthermore,  furnish  infonnittion  of  great  hygienic 
importance.  Thus  DriKalski '  and  Conradi  have  succee(1ed  in  isolat- 
ing tyT3hoid  bacilli  from  Ihe  stools  of  ambulant  cases  so  mild  that 
they  were  not  clinically  suspected.  It  i>  ny  means  of  such  examina- 
tions that  the  so-calltHl  typhoid-carriers  are  detected,  cases  which, 

'  Conradi,  Deut.  racd.  Woch.,  jcxxii,  1906. 

»  Bpatein,  Proc.  N.  Y.  Path.  Soc.,  N.  S.,  vi,  1906. 

*  Drigaiski  and  Conradi,  Zeit.  f.  Hyg.,  zxxix,  1902. 
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though  perfectly  well  themselves,  may  be  a  means  of  spreading  the 
^disease.    Such  cases  have  been  known  to  harbor  the  bacilli  for  periods 

long  as  several  years. 

The  examination  itself  is  fraught  with  difficulties,  owing  to  the  pre- 
ponderating numbers  of  colon  bacilli  found  in  all  feces  and  the  difficulty 
of  isolating  the  typhoid  bacilli  from  such  nuxtures. 

Reviewing  the  data  collected  by  a  number  of  investigators,  it 
aeems  probable  that  the  bacilli  do  not  appear  in  the  stools,  at  least 
in  numbers  sufficient  for  recognition,  much  before  the  middle  of  the 
aeooDd  week,  or,  in  other  words,  as  pointed  out  by  Hiss,  about  the 
time  that  the  intestinal  lesions  are  well  ad- 
vanced and  ulceration  is  occurring.  Thus 
Wiltschour  •  could  not  determine  their  pres- 
,ence  before   the  tenth  day;  Redtenbacher,' 

reviewing  the  statistics,  states  that  in  a 
majority  of  cases  the  bacilli  first  appear 
toward  the  end  of  the  second  week,  and 
Horton-Smith  '  could  not  find  the  bacilli  be- 
fore the  eleventh  day.  Hiss,*  in  an  investi- 
gation of  the  same  subject,  obtained  the 
following  results: 

First  to  tenth  day,  inclusive,  twenty- 
eight  cases  examined ;  typhoid  bacilli  isolated 
from  three;  percentage  of  positive  cases 
10.7  pex  cent. 

Eleventh  to  twentieth  day,  inclusive,  forty-four  cases  examined;  ty- 
phoid bacilli  from  twenty-two;  percentage  of  positive  cases  50  per  cent. 

Twenty-first  day  to  convalescence,  sixteen  cases  examined;  typhoid 
baciUi  isolated  from  thirteen;  percentage  of  positive  cases  81.2  per 
cent. 

The  difficulties  encountered  in  such  examinations  have  led  to  the 
development  of  a  targe  number  of  methods.  The  first  method  which 
yielded  succes.sful  re.sults  was  that  of  Eisner,''  who  employed  a  potato- 
extract  gelatin  containing  one  per  cent  of  potassium  iodid,  a  medium 
which  prevented  the  growth  of  many  intestinal  bacteria,  allowing  only 

•  WUUchour,  Cent.  f.  Bakt.,  1890. 

»  Redtetibacher,  Zeit.  f.  klin.  Med.,  xix,  1891. 

»  Horton-Smith,  Lancet,  May,  1899. 

«Z^i«,  Med.  News,  May,  1901. 

•JEisfKT,  Zcit.  f.  Hyg.,  xxi,  1895.  .v;,. 


Fig.  89. — Bachaus  cou. 
Deep  colonies  on  Hies  plate 
medium. 
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colon,  tjrphoid,  and  a  few  others  to  develop.    This  medium  is  at  presait 

rarely  used. 

His.s  '  has  employed  with  succe-ss  an  agar-gelatin  mixture  containing 
one  per  cent  of  glucose,  the  preparation  of  which  has  been  described  in 
detail  in  the  section  on  media.  The  actual  teclinique  of  the  test  is  as 
follows:  One  to  two  loopfuls  of  feces  are  transferred  to  a  tube  of  broth, 
making  the  broth  fairly  cloudy.  From  this  emulsion  five  or  six  plates 
are  made  by  transferring  in  series  one  to  five  ioopfuls  of  the  emulsion 
to  tubes  containing  the  meitwl  ]>late  medium,  and  then  pouring  the  con- 
tents of  these  tubes  into  Petri  tli.'^lifs.     These  dishes,  after  the  medium 


Pio.  90. — ^Baollub  TVPHOsns.    Deep  colonies  in  Hiss  plate  medium. 


has  hardened,  are  placed  in  an  incubator  at  37°  C,  and  allowed  to  re- 
main for  eighteen  to  twenty -four  hours,  when  they  are  ready  for  examina- 
tion. If  typhoid  bacilh  are  present  they  will  be  found  as  small,  usually 
glistening  colonies  with  a  fringe  of  threads  growing  out  like  fljigella  from 
their  peripheries  (see  Figs.  DO  and  91).  These  colonies  are  smaller  and 
quite  distinct  from  those  of  colon  baciUi,  which  are  heavier  and  darker 
and  do  not  display  the  fringing  threads.  Suspicious  colonies  may  be 
fished  and  transferred  to  the  Hi.ss  tube  milium  (see  page  133)  or  iden- 
tified by  other  reliable  methods. 

A  method  which  has  ix'cn  found  useful,  especially  in  Europe, 
is  that  in  which  smears  of  diluted  feces  are  made  upon  large  plates 
of  the  Conratii-Drigalski  medium.  (For  preparation  see  page  135.) 
The  principles  underlying  the  use  of  this  medium  are  the  formation 
of  acid  from  the  Iacto.se  by  the  colon  bacilli  and  the  inhibition  of  cocci 
and  many  other  bacteria  by  the  cr>'8tal-violet.     In  practice,  an  emul- 

"  Hits,  Jour,  of  Exp.  Med.,  ii,  1897;  Med.  News,  May,  1901;  and  Jour.  Med.  Rm., 
N.  8.,  iii,  1902. 
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fflon  is  made  of  a  loopful  of  feces  in  a  tube  of  broth.  Into  this 
is  dipped  a  bent  glass  smearing  rod,  the  excess  of  fluid  is  allowed  to 
drip  off,  and  smears  are  made  upon  plates  of  the  medium,  several 
plates  being  smeared  without  redipping  the  rod.  Colonies  of  the 
colon  bacillus  on  these  plates  will  appear  opaque,  comparatively  large, 
and  will  produce  an  acid  reaction  with  consequent  reddening  of  the 
medium.  Typhoid  colonies  will  be  smaller,  transparent,  and  without 
acid  formation.    These  colonies  arc  fished  and  the  microorganisms  may 


I  Fio.  Bl. — Bacoxus  TTFRoecs.    Colony  in  liiaa  pkte  mediuni,  highly  magaiHed. 

be  identified  by  agglutination  or  by  stab  cultures  in  the  Hiss  tube 
medium. 

The  malachite-green  media  of  Loeffler  and  others  have  found 
less  general  u-ie  than  was  originally  expected,  because  of  the 
difficulty  in  obtaining  uniform  preparations  of  malachite-green. 
Peabody  and  Pratt  '  have  appliwJ  the  principle  of  colon-bacillus  in- 
hibition by  malachite-green,  by  adding  this  dye  to  broth  in  the 
manner  described  in  the  section  on  media  (page  137),  planting  the 
feces  directly  into  this  broth,  an<l,  after  incubation  for  several  hours, 
making  smears  from  these  tubes  upon  plates  of  the  Conradi-Drigalski 
medium. 

As  a  routine  method  for  isolation  of  the  bacilli  from  stools  we  our- 


Peabody  and  Pratt,  Boston  Med.  and  Surg.  Jour.,  1908. 
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selves  use  largely  the  Endo  fuchsin-agar  or  Kendall's  modified  Endo 
nicdiiim.  (See  p.  I'ih.)  Emulsions  uf  feces  are  made  in  tul>es  of 
ordinary  broth  or  salt  solution  and  smears  of  this  emulsion  are  made 
upon  several  larpe  plates  of  the  f»iehsin-a(;ar  hy  means  of  a  glass  smearing 
rod.  The  eoUmiew  of  Baeillus  eolt,  after  eigliteen  or  more  hours  of 
incubation,  will  be  found  to  have  brought  hack  a  deep  red  color  to  the 
medium,  wliereas  the  tj'phoid  colonies  are  small,  more  transparent,  and 
have  left  the  medium  uncolorcd. 

An  excellent  metlium  recently  devised  is  that  of  Krumwiedc.  (See 
p.  136.) 

In  all  cases  where  plates  are  prepared  from  broth  emulsions  of  feces, 
it  is  desirable  to  allow  the  emulsion  to  stand  at  incubator  temperature 


Fio.  92. — Colon  and  Ttphosd  Coi>onie8  in  Hiss  Plate  MEDitm.     (Planted 
from  stool.     Note  the  sriiall  threaii-forrnmg  tj-pho'^  colonies.) 

for  an  hour.  Subsequent  removal  of  fluid  from  the  upper  layers  of  the 
medium  is  likely  to  bring  away  a  comparatively  larger  number  of  the 
orgaui.sms. 

The  methods  given  above  do  not  exhaust  the  reixtrds  of  work  done 
upon  this  problem.  It  is  not  satisfactory  to  compare  any  two  methotls 
as  to  practical  value,  since  all  of  them  require  familiarity  with  organisma 
and  media.  In  fact,  it  may  be  said  that  all  of  (he  methmis  given  are 
satisfactory  if  consistently  employed  by  a  worker  who  has  become 
thoroughly  accustomed  to  the  peculiaritica  of  the  typhoid  colonies  upon 
the  medium  with  which  he  is  working. 

In  all  of  these  methods  when  suspicious  colonies  are  found  they  are 
identified  morphologically  and  transplanted  to  such  media  fis  the  Russell 
double-sugar  agar,  or  the  His.s  tube  medium.     For  rapid  diagnosis 
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agglutination  may  be  dono  in  a  stronR  itnniune  scrum,  cither  dirfctly 
from  the  colony. by  the  hang-drop  method,  or  ijt'ttcr  macroscopically 
from  the  growth  in  the  transplant. 

Typhoid  Bacilli  in  the  Urine. — Careful  investigation  hii.s  revealed 
typhoid  bacilli  in  the  urine  in  aJrout  twenty-five  per  cent  of  all  patients. 
Neumann '  discovered  the  bacilli  in  eleven  out  of  forty-six  and  Kar- 
linsky '  in  twenty-one  out  of  forty-four  cases.  .  Investigations  by  Pe- 
truschy,'  Richardson,^  Horton-Smith,*  Hiss,'  and  others  have  confirmed 
these  results.  In  general  the  bacilli  have  not  been  found  before  the 
fifteenth  day  of  the  disease,  and  examination  of  the  urine,  therefore, 
can  be  of  little  eariy  diagnastic  value.  A  .series  of  seventy-five  cases 
examined  by  His.s  before  the  fourteenth  day  of  the  disease  flld  not  once 
reveal  tj'phoid  bacilli  in  the  urine.  On  the  other  hand,  they  have  been 
found  to  be  present  for  weeks,  months,  and,  in  isolated  cases,  for  years 
after  convalescence,  the  examination  thus  having  much  hygienic  im- 
portance. They  are  probably  present  in  about  twelve  per  cent  of  cases 
during  the  early  dajT^  of  convalescence.  In  most  of  these,  alliumin  is 
present  in  the  urine  in  consitierable  quantities.  The  bacilli  usually 
appear  and  disappear  with  the  alljuniinuria. 

An  obstinate  cystitis  caused  by  t>phoid  bacilli  may  follow  in  the 
path  of  typhoid  fever.  Such  cases  have  been  reported  by  Blumer,' 
Richardson,*  and  others.  Suppurative  processes  in  the  kidneys  are 
less  frequent.  It  is  noteworthy,  also,  that  in  the  course  of,  and  fol- 
lowing, typhoid  fever  there  often  occurs  voiding  of  Bacillus  coli  with 
the  urine.  This  may  obstiimtely  persi.st  for  con.siilerable  periods  after 
convalescence.    The  reasons  for  this  are  not  entirely  dear. 

Typhoid  Carriers  and  Typhoid  Bacilli  in  the  Gall-Bladder. — Tj'phoid 
bacilli  have  been  frequently  obser\'ed  in  the  gall-i>ladiler  at  autopsy. 
They  have  also  been  found  present  in  this  organ,  at  operations  for 
cholecystitis,  months  and  years  after  the  occurrence  of  tj'phoid  fever. 
Miller'  has  reportetl  a  case  in  which  tj'phoid  liacilii  were  present  in  the 
gall-bladder  seven  years  after  the  disease;  v.  Dungern'"  has  cultivated 
them  from  an  inflamed  gall-bladder  fifteen  years  after  the  disease. 
Zinsser  has  had  occasion"  to  oljserve  a  case  in  which  an  operation  for 


«  Neumann,  Berl,  klin.  Woch.,  xxvii,  1890.     •  Hut,  Med.  News,  May,  1901. 

•  KarUiuky,  PraR.  med.  Woch.,  xv,  1890.  '  Blatiier,  Johns  Hopk.  Hosp.  Rep.,  5,  1895. 

•  PelTiuchy,  Cent.  f.  Hyg.,  xxiii,  1898.  '  Richarilmn.  loc.  cit, 

«  Ru-harrhm,  .lo\ir.  Exp.  Me<l.,  3.  1898.  '  MUkr,  Johns  Hojik.  Hosji.  Bull.,  1898. 

» HorlonSmUh,  Luncct,  May,  1899.  "  v.  Dutigem,  Miini-h.  med.  Woch.,  1897. 

"  Ziniuer,  Proc.  N.  Y.  Pathol.  Soc.,  1908. 
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gall-stone  seventwn  years  after  the  occurrence  of  typhoid  fever  revealed 
the  presence  of  the  bacilli  in  the  giill-hladder.  In  suqh  eases  typhoid 
hacilli  may  l>c  constantly  dischargi'd  from  the  intc-stine  with  the  fecwi 
and  prove  a  menace  to  the  health  of  the  cunirnunity.  An  extremely  in- 
teresting example  of  such  a  typhoid  carrier  has  been  carefidly  studied 
and  rr'|K)rted  by  Park.' 

Tijphoid  carriers  arc  much  more  common  than  formerly  suppom-d, 
Lentz  '  beheves  that  about  4  per  cent  of  all  aisca  liecome  chronic  car- 
riers and  Goldl^rger,  averaging  the  eases  of  other  workers,  calculates 
that  of  1,782  cases  of  typhoiil,  53  or  about  3  p<'r  cent  became  chronic 
carriers.  This  problem  therefore  is  of  the  utmost  sanitary  imp«>rt- 
anoe.  Even  when  detected  the  cure  of  such  carriers  is  ver>'  difficult, 
and  perhaps  in  some  cases  impos-sible  withtmt  cholecystectomy.  Vac- 
cine treatment  has  not  been  encouraging  and  no  other  form  of  uni- 
formly successful  treatment  has  so  far  lx>en  devisetl. 

Typhoid  Bacilli  in  the  Hose  Spots. — Neufeld '  obtained  jxjsitive  re- 
sults in  thirteen  out  of  fourteen  cases.  Acijording  to  his  researches  and 
those  of  Frjinkel,''  the  bacilli  are  localized  not  in  the  blood,  which  is 
taken  when  tlie  rase  spots  arc  incised,  but  are  crowdetl  in  large  num- 
bers within  the  lymph  spaces. 

Typhoid  Bacilli  in  the  Sputum. — In  rare  cases  t>'ph(>id  bacilli  have 
been  found  in  the  .sputum  of  ca.ses  complicated  by  bronciiitis,  broncho- 
pneumonia, and  pleurisy.  Such  cases  have  been  reported  by  Chanti>- 
m&sse  and  Wida!,'  P'riinkel,'  antl  a  niunber  of  others.  Empyema,  when 
it  occurs  in  connection  with  such  cases,  is  usutUly  accompanied  by  a 
mixed  infection.  From  a  hygienic  point  of  view  the  spread  of  tjTJhoid 
fever  by  means  of  the  sputum  is  probably  of  rare  occurrence. 

Suppurative  Lesions  Due  to  Typhoid  Bacillus. — In  the  course  of 
typhoid  convalescence  or  during  the  latter  weeks  of  the  disease,  sup- 
purative lesions  may  occur  in  various  parts  of  the  liody.  The  most 
frequ'.'nl  localization  of  these  is  in  the  periostemn,  especially  of  the  long 
Iwnes,  and  in  the  joints.  A  large  niunber  of  such  lesions  have  been 
described  by  Welch,  Richard.son,'  and  others.  They  usually  take  the 
form  of  periosteal  abscesses,  often  located  upon  the  tibia,  occurring 
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•  Park,  "Pathogenic  Bacteria,"  N.  Y.,  1008. 
'LenU,  Ilyg.  Rundvhau,  vol.  18,  1906. 

» Neufrld,  Zeit.  f.  Hyg.,  xxx,  18W.  «  Fninkrl,  Zeit.  f.  Hyg.,  xwdv,  1900. 

^  Chanlrmauie  and  Wirlal,  .\rch.  de  physiol.  norm,  et  path.,  1887. 

•  Friiikrl,  Deut.  mo<l.  Worh.,  x\'  and  xvi,  1809. 

'  Riehardttm,  Jour.  Boston  S«>c.  Med,  Sci.,  5,  1000. 
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either  late  in  the  disease  or  months  aft^r  convalescence,  and  are  char- 
acterizetl  by  very  severe  pain.  Osteomyelitis  may  also  occur,  but  is 
comparatively  rare.  Subcutaneous  abscesses  and  deep  abscesses  in  the 
muscles,  due  to  this  bacillus,  have  been  described  by  Pratt.'  Synovitis 
[may  also  occur. 

Meningitis,  due  to  the  typhoid  bacillus,  occurs  not  infrequently, 
usually  during  convalescence  from  t^-phoirl  fever.  A  case  of  primary 
tj-phoid  meningitis  ha.s  been  reported  by  Farnet.' 

Peritoneal  abscesses,  due  to  the  t>'phoid  bacillus,  have  been  re- 
'  ported.  The  writer '  has  reported  a  case  in  which  tj'phoid  bacilli  were 
fountl  free  in  the  jjeritoneal  cavity  during  tj'phoid  fever  without  per- 
foration of  the  gut. 

Isolat^Hi  instances  of  typhoid  bacilli  in  abscesses  of  the  thyroid  and 
parotifl  glands  and  in  brain  abscesws  have  been  observed. 

Typhoid  Fever  without  Intestinal  Lesions. — A  considerable  number 
of  cases  have  been  reixtrted  in  which  t.vpjioid  bacilli  have  been  isolated 
from  the  organs  after  death  or  from  the  secretions  during  life  of  pa- 
tients in  whom  the  characteristic  lesions  of  tjiahoid  fever  have  been 
lacking.  Most  of  these  cases  m\ist  be  regarded  a-s  true  typhoid  septi- 
cemias. In  some  ca-ses  the  bacilli  were  isolated  from  the  spleen,  liver, 
or  kidneys;  in  others,  from  the  urine  or  the  gall-bladder.  In  a  case 
observed  by  Zinsser  the  bacilli  were  isolated  from  an  infarct  of  the 
kidney  removed  by  operation.  In  this  ca.se  the  clinical  course  of  the 
disease  had  pointed  only  toward  the  exi.stence  of  an  indefinite  fever  ac- 
companied by  sjiiiptoms  referable  to  the  kidney.^.  The  Widal  test, 
however,  was  positive.  An  excellent  summary  of  such  cases,  together 
with  several  personally  observed,  has  been  given  by  Flexner.* 

Hygienic  CDnsidsrations.— .\lthough  tj^ihoid  fever  is  frequently 
spoken  of  as  an  epidemic  disea.se,  it  is,  more  truly,  endemic  in  character 
in  almost  all  parts  of  the  world,  but  subject  to  occa-sional  epidemic  ex- 
acerlmt ions.  In  the  larger  communities  of  the  temperate  zones  these 
epidemics  take  place  chiefly  in  the  autumn  and  are  circumscribed  by 
the  distribution  of  a  water  or  milk  supply. 

Since  the  disease  never  occurs  except  by  transmission,  directly  or  in- 
directly from  a  previous  case,  it  is  amenable  more  than  most  other  mal- 
adies to  sanitary  regulation,  and  it  may  be  said  that  extensive  preva- 
lence of  typhoid  in  a  lar^re  community  is  a  consequence  of  defect  in  the 

'  PraU,  Jour.  Boeton  Soc.  Med.  Sci.,  3,  1899. 

«  Famei,  Bull,  do  la  soc.  m«kl.  des  hop.  dc  P.,  3,  1891. 

» Zinuer.  Proc.  N.  Y.  Path.  Soc.,  1907.         •  Flexner,  Johns  Hopk.  Rep.,  6,  1896. 
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system  of  sanitation.  The  disease  is  ai.uiuired  by  ingestion  of  the  spe- 
cific bacteria.    Infection  by  other  channels  has  not  been  deiuonstratetl. 

Proplij'lartic  mciisurr.s  in  t-yphoid  fever,  therefore,  should  begin 
witii  the  isolMtion  of  the  patient  iinti  the  disinfection  of  excreta,  dis- 
ciiarges,  linen,  and  all  uten.sils  which  have  been  in  contact  with  tlie 
patient.  The  bacilli  leave  the  Ixxly  in  the  feces  and  the  urine  and  the 
dangers  of  contamination,  by  these  .substances,  of  all  objects  in  imme- 
diate contact  with  the  patient  are  considerable.  Excreta  should  there- 
fore be  either  mixed  with  boiliiif^  water  or  ehemieally  disinfectetl,  pref- 
erably by  means  of  tlioroughly  mixing  with  carbolic  acid,  lysol,  or  a  .solu- 
tion of  freshly  slaked  lime,  and,  if  possible,  destroyed  by  burning. 
Linen,  talileware,  and  eating  utensils  should  be  soaked  in  similar  solu- 
tions and  t>oiled.  The  observance  of  such  measures,  furthermore, 
should  not  be  tlLscontinued  until  bacteriological  examination  has  demon- 
strated the  absence  of  the  bacilli  from  feces  and  urine.  Disregard  of 
this  last  precaution  may  %vell  be  one  of  the  main  causes  of  the  endemic 
persistence  of  the  disease  in  large  cities — I'specially  considered  in  the 
light  of  our  recent  knowletlge  of  "typhoid  carriers." 

Tj-phoid  fever,  in  the  large  majority  of  cjuses,  is  transmitted  by 
the  agency  of  water.  In  an  anah'sis  of  six  hundred  and  fifty  typhoid 
epidemics  Sehiider  '  found  four  Jumdred  and  sixty-two  reporteil,  upon 
reasonable  evidence,  iis  originating  from  water.  The  teeiuiieal  difficul- 
ties attending  the  isolation  of  typhoid  bacilli  from  contaminated  water 
have  prevented  actual  liacteriological  prixjf  in  most  epiilemics;  never- 
theless, indirect  evidence  of  pollution  of  the  su.spected  water-supply, 
correspondence  of  the  distribution  of  this  supply  with  that  of  the  dis- 
ease, and  reduction  of  typhoid  inorliidity  upon  the  substitution  of  an 
uncontaminated  supply  are  sufhciently  convincing  to  remove  reasonable 
doubt.  Added  to  this  is  our  knowledge,  from  the  experiments  of  Jor- 
dan, Russ<-ll,  and  Zeit'  and  others,  that  tj^phoid  bacilli  may  renniin 
alive  in  natural  waters  for  Jis  long  as  five  days.  Prudtlen  hits  deiium- 
strated  that  the  bacilli  may  survive  freezing  as  long  as  three  niontlw. 

Next  to  water,  the  most  iini)ortant  source  of  typhoid  fever  is  con- 
taminated milk.  Ill  the  summaiy  by  Sehiider,"  one  hinulred  and  ten 
of  the  four  hundred  and  sixty  epidemics  were  attributable  to  milk. 
No  visible  modifications  in  milk  occur,  which  makes  this  source  es- 
pecially insidious.  Contimiiuatinn  of  milk  has  been  traceable  to  water 
used  in  washing  cans  or  to  dairy  attendants. 

'  SeMtirr,  5k-if.  f.  Ilyg.,  xxxviii,  1901. 

'  Jordan,  Ru»»eU,  and  ZeU,  Juur.  oT  lof .  Dia.,  1,  1904.  >  Schuder,  loc.  ciU 
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Excluding  water  i\tn\  Tiiilk,  nil  reinainiu'r  causes  of  tj'phoid  dissemi- 
nation constitute  about  twelve  per  cent  and  are  found  chieHy  in  the 
use  of  vegetables  contauiiuated  frotn  infected  soil,  and  other  food  prod- 
ucts. Recently  Conn  '  suggested  that  oysters  grown  in  waters  close 
to  sewage  discharges  may  he  the  means  of  typhoid  transmission.  An 
epidemic  at  Wesleyan  University  was  traced  to  this  cause.  Experi- 
ments by  Foote '  demonstrated  that  typhoid  bacilli  may  be  found 
alive  within  oysters  for  three  weeks  after  they  disappeared  from  the 
surrounding  water.  The  importance  of  this  mode  of  infection  is  un- 
certain. Kosonau,  Lunisden,  and  Castle  ^  found  it  to  be  negligible  in 
the  District  of  Columbia. 

Indirect  contamination  of  fond  and  water  by  the  intermediation  of 
flies  and  other  insects  has  been  emphasized  by  Veeder  *  and  is  unques- 
tionably of  great  importance. 

Typhoid  Carriers. — One  of  the  important  factors  in  the  spread 
of  typhoid  fever  is  the  existence  of  a  considerable  number  of  "car- 
riers" in  every  community.  These  are  imlividuals  who  harbor  typhoid 
bacilli  in  their  intestinal  canals,  probably  with  a  nidus  in  the  gall 
bladder.  They  may  intermittently  or  continually  discharge  typhoid 
bacilli  with  the  feces  and  therefore  be  a  constant  menace  to  others. 
There  are  now  a  consideriiblc  number  of  well-known  eases  where  series 
of  small  epidemics  have  been  started  by  carriers,  and  in  the  mobiliza- 
tion of  armies  tlie  incorporation  of  carriers  with  troops  may  he  a  seri- 
ous menace. 

Carriers  may  be  discovered  by  isolation  of  the  bacilli  from  the 
feces  as  described  in  another  place. 

Poisons  of  the  Typhoid  Bacillus. — The  investigation  of  the  toxic 
pro<lucts  of  the  typhoid  bacillus  has  occupied  the  attention  of  a  targe 
number  of  workers.  Th(>  first  to  do  exptTinicntal  work  upf>n  the  sub- 
ject was  Bricgcr '  soon  iift^r  the  discovery  and  cultivation  of  the  micro- 
organism. That  toxic  substances  can  lie  obtained  from  typhoid  cultures 
is  beyond  question.  There  is,  however,  a  definite  difference  of  opinion 
as  to  whether  these  poisons  are  so-called  endotoxins  only,  or  whether 
they  are  in  part  composed  of  soluble  toxins  comparable  to  those  of 
diphtheria  and  tetanus,  following  the  injection  of  which  antitoxic  sub- 
stances may  be  formed. 

The  evidence  so  far  .seems  to  bear  out  the  original  contention  of 

'  Conn,  Mc(i.  Rci-cml,  Dec,  1S',)4.  =  Fmle.,  Motl.  News,  ISl^o. 

•  Rotcnau,  Lummlni,  and  CnMk,  Bull.  52,  Hyg.  Lab.  U.  S.  l^ib.  Health  Service,  1908. 

*  Vcedcr,  Med.  Record,  45,  1S08.  » Bneger,  Deut,  uied.  Woch.,  xxvii,  IfiOJ. 


k 


416  PATHOGENKJ   MICROORGANISMS  ^fli^H 

Pfeiffer,'  who  first  advanced  the  opinion  that  the  poisonous  substances 
are  products  of  the  bacterial  budy  sit  fix-o  by  destruction  of  the  bacteria 
by  the  lytic  substances  of  the  invaded  animal  or  human  being.  These 
poisons,  when  injected  into  aninmls  for  purposes  of  immunization,  in 
PfeiPfer's  experiments,  did  not  incite  the  pioduction  of  neutralizing  or 
antitoxic  bodies,  but  of  bactericidal  and  lytic  substances.  That  these 
endotoxins  constitute  by  far  the  greater  part  of  the  toxic  products  of 
the  typhoid  bacillus  can  Ix'  easily  demoustfated  in  the  laboratory,  by 
the  simple  experiment  of  filtering  a  young  typhoid  culture  (eight  or 
nine  days  old)  and  injecting  into  separate  animals  the  residue  of  bacilli 
and  the  clear  filtrate  respectively.  In  such  an  experiment  there  will  be 
little  question  as  to  the  overwhelmingly  greater  toxicity  of  the  bacillsry 
bodies  as  compared  vnth.  that  of  the  culture  filtrate.  On  the  other 
hand,  if  such  cultures,  especially  in  alkaline  media,  are  allowed  to 
stand  for  several  months  and  the  bacilli  thus  thoroughly  extracted  by 
the  broth,  the  toxicity  of  the  filtrate  is  found  to  be  greatly  increased. 

Nevertheless,  more  recent  e.xperimcnts  by  Besredka,'  Macfadyen,* 
Kraus  and  Stenitzer,'  and  others  have  tended  to  show  that,  together 
with  such  endotoxic  substances,  typhoid  bacilli  may  produce  a  true 
toxin  which  is  not  only  obtainable  by  proper  methods  from  compara- 
tively young  typhoid  cultures,  but  which  fulfils  the  necessary  require- 
ment of  this  class  of  poisons  by  producing  in  treated  animals  a  true 
antitoxic  neutralizing  body. 

The  typhoid  endotoxins  may  be  obtained  by  a  variety  of  methods. 
Hahn'  has  obtaiiUMl  what  he  calls  "  typhophwmin"  by  subjecting  them 
to  a  pressure  of  about  four  hundred  atmospheres  in  a  Buchner  press. 
The  cell  juices  so  obtained  arc  cleared  by  filtration.  Macfadyen  has 
obtained  typhoid  endotoxins  by  triturating  the  bacilli  aft«r  freezing 
them  with  liquid  air  and  extracting  in  1  :  1,0<X)  potassium  hydrate. 
Besredka  obtained  toxic  substances  by  emulsifying  agar  cultures  of 
bacilli  in  salt  solution,  sterilizing  them  by  heating  to  00°  C.  for  about 
one  hour,  and  drying  in  vacuo.  The  dried  bacillary  mass  was  then 
ground  in  a  mortar  and  washed  in  sterile  salt  solution  which  was 
again  heated  to  60°  C.  for  two  hours.    The  remnants  of  the  bacterial 

«  P/eiffer.  Deut.  mc<l.Woch..  xlWu,  1S94;  P/eiffer  und  KoUe,  Zeit.  f.  Hyg.,  xxi,  1896. 

•  Betredka,  Ann.  de  rinnt.  Pasteur,  1895,  1896. 

'Mnefadyen  and   RoicUind,  Cent.  f.  Bukt.,  I,  xxx,  1001;    Maefadyen,   Cent.   f. 
B&kt.,  I.  1906. 

•  Kraun  und  Sim »<»t, Quoted  from  "  Handb.d.  Tech., "etc.,  1,  Fischer,  Jena,  1907. 

•  Hahn,  Munch.  med.  Woch.,  rxiii,  1906. 
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bodies  settle  out  and  tho  slightly  turbid  supernatant  fluid  containa  the 
toxic  substances. 

Vaughan  '  has  obtained  poi.soii.s  from  typhoid  biicilli  by  extracting 
at  78°  C.  with  a  two-per-cent  solution  of  sotlium  hydrate  in  absolute 
alcohol.  In  this  way  he  claims  to  separate  by  hydrolysis  a  poi.sonous 
and  a  non-poisonous  fraction.  He  rlaims,  moreover,  that  this  poison- 
ous' fraction  is  similar  to  the  poisons  obtained  in  the  same  way  from 
Hueillus  coli  and  the  tubercle  bacillus,  and  other  proteid  substances, 
believing  that  the  specific  nature  of  such  proteids  depends  upon  the 
non-toxic  fraction. 

A  simple  method  of  obtaining  toxins  from  typhoid  bacilli  Ls  carried 
out  by  cultivating  the  microorganisms  in  meat-infusion  broth,  rendered 
alkaline  with  sodium  hydrate  to  the  extent  of  about  one  per  cent. 
The  cultures  are  allowed  to  grow  for  two  or  three  weeks  and  then  steril- 
ized by  heating  to  60°  C.  for  one  hour,  and  allowed  to  stand  for  three 
or  four  weeks  at  room  temperature.  At  the  end  of  this  time  the  cul- 
tures may  be  filtered  through  a  Bcrkefeld  or  Pasteur-Chambcrland  filter 
and  will  lie  found  to  contain  strong  toxic  substances. 

The  accounts  concerning  the  thermostability  of  the  various  toxin? 
obtained  are  considerably  at  variance.  In  general,  corresponding  will. 
other  endotoxins,  observers  agree  in  considering  them  moderately  re- 
sistant to  heat,  rarely  being  destroyed  at  temperatures  below  70°  C. 

Intravenous  inoculation  of  rabbits  with  typhoid  endotoxins,  if  in 
sufficient  quantity,  produces,  usually  within  a  few  hours,  a  very  marked 
drop  in  temperature,  diarrhea,  respiratorj-  embarrassment,  and  death. 
If  given  in  smaller  doses  or  by  other  methods  of  inoculation — 
suljcutaneous  or  intraperitoneal — rnhbits  are  rendered  extremely  ill, 
with  a  primar}'  drop  in  temperature,  but  may  live  for  a  week  or  ten  days, 
and  die  with  marked  progres.sive  emaciation,  or  may  survive.  Guinea- 
pigs  and  mice  are  susceptible  to  the  endotoxins,  though  somewhat 
less  so  than  rabbits. 

Immunity  in  Typhoid  Fever. — x\.s  a  rule,  one  attack  of  tjTJhoid  fever 
protects  against  sub.sequent  ones.  Although  exceptions  to  this  rule 
may  occur,  they  are  so  rare  that  the  historv'  of  a  previous  attack  of  this 
disease  practicallj'  excludes  its  consideration  in  the  diagnosis  of  any 
obscure  condition. 

.\nimals  may  be  actively  immunized  by  the  injection  of  typhoid 
bacilli  in  gradually  increasing  do.ses.     In  actual  practice,  this  is  best 

1  Vaughan,  Am.  Jour,  of  Med.  Sci.,  136,  No.  3,  1908. 
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accomplished  by  beginning  with  an  injection  of  about  1  c.c.  of  broth 
cultuR-  heated  for  t-en  minutes  at  (50°  in  order  to  kill  the  bacilli.  After 
live  or  six  days,  a  second  injection  of  a  larger  ilose  of  dead  bacilli  is 
administered;  at  similar  intervals,  gratiually  increasing  doses  of  dea<l 
bacilli  arc  given  and  finally  considerable  quantities  of  a  living  and  fully 
vimlent  culture  may  be  injected  without  serious  consequences  to  the 
animal.  While  this  methml  is  convenient  and  usually  successful,  it 
Is  also  possible  to  obtain  satisfactory  immuni;!ation  by  beginning  with 
very  small  doses  of  Uving  mi<TaorganismH,  accoixling  to  the  early 
method  of  Chantemease  and  Witlal,'  and  others. 

Such  active  iinnumization,  successfully  carried  out  upon  rabbits  and 
guinea-pigs,  within  a  short  time  after  the  discovery  of  the  typhoid  bacil- 
lus, was  Ixilieved  to  depend  upon  the  development  of  antito>dc  sub- 
stances in  immuniiied  animals.  This  point  of  view,  however,  was  not 
long  tenable,  and  was  <lefinitely  disproven  by  the  investigations  of  Pfeif- 
fer  and  Kolle  "  in  IS'M.  These  investigators,  as  well  as  a  large  immber  of 
others  working  subsequently,  have  shown  satisfactorily  that  there  are 
present  in  the  blood  st?nnn  of  typhoid-immune  animals  and  human 
beings,  bacteriolytic',  bactericidal,  and  agglutinating  sulwtances,  and  to 
a  lesser  extent,  precipitating  and  op.sonic  bodies. 

liarh'ricidnl  ntul  Jiartcrioli/tic  Suhslanres. — The  bacteriolytic  sub- 
stances in  typhoifl-immune  serum  may  be  demonstnited  either  by  the 
intraperitoneal  technique  of  Pfeiffer  or  in  i-itro.  In  the  former  experi- 
ment a  small  rjuantity  of  a  fresh  culturt^  of  typhoid  bacilli  is  mixed 
with  the  ililutA'd  immune  serum  and  the  emulsion  injected  into  the 
peritoneal  cavity  of  a  guinea-pig.  Removal  of  peritoneal  exudate  with 
a  capillary  pipette  and  examination  in  the  hanging  drop  will  reveal, 
within  a  short  tijue,  a  swelling  and  granulation  of  the  bacteria — the 
so-t'alled  Pfeiffer  phenomenon.  The  test  in  vitro,  as  recommended  by 
Stem  and  Kort<','  may  Ik>  carricfl  out  by  mlding  definite  quantities  of 
afresh  agar  culture  of  typhoid  bacilli  to  progressively  increasing  dilu- 
tions of  inar^tivated  immune  scrum  together  with  definite  quantities  of 
complement  in  the  form  of  fresh  normal  rabbit  or  guinea-pig  senim. 
At  the  end  of  several  houi-s'  incubation  at  ;}7.."t°  V.  definite  (juantities 
of  the  fluid  from  the  various  tubes  are  inoculated  into  melted  agar 
and  plates  are  poured  to  dctxTmhie  the  bactericidal  action.  Careful 
colony  counting  in  these  plates  and  compariH<^)n  with  proper  controla 

'  Chanlemejiite  and  Wuial,  Ann.  de  I'inst.  Pasteur,  1892. 
'  Pfeiffrr  und  Kollf.  Zeit.  f.  Hyg.,  xxi.  1896. 
>  sum  und  Korte,  Bed.  klin.  Woch.,  x.,  1904. 
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will  not  only  definitely  denionsliato  the  pn-Honet'  of  bactcrifidal  Kub- 
slaut'i'S  in  the  immune  scmui,  but  will  funiish  a  rciisonably  accurate 
(luautitativc  estimation.     (For  these  tests  see  p.  255.) 

.-Vlth<}ugh  nomuil  hurnjin  Mcruni  contains  in  small  quantity  substances 
[bactericidal  to  typhoid  bacilli,  moderate  dilution,  1  :  10  or  1  ;  20,  of  such 
rum  will  usually  suffice  to  eliminate  any  appreciable  bactericidal  action, 
he  bactericidal  powers  of  immune  serum,  on  the  other  hand,  are  often 
ctive,  according  to  Stem  and  Korte,  in  tlilutions  of  over  1  :  4,(X)0  and  in 
one  case  even  of  1  : 4,000,000.     The  specificity  of  such  reactions  gives 
them  a  considerable  degree  of  ]>ractira!  value,  both  in  the  biological 
identification  of  a  susftected  typhoid  bacillus  in  known  serum  and  in  the 
iagnosis  of  typhoid  fever  in  the  human  patient  by  the  action  of  the 
atient's  senirn  on  known  typhoid  bacilli.     In  the  publication  of  Stem 
d  Korte,  cjuoted  above,  it  was  fount!  that  typhoid  patients  during  the 
cond  week  often  possess  a  bactericidal  power  e.\ceeding   1  :  1,000, 
hereas  the  blood  of  normal  human  beings  was  rarely  active  in  dilu- 
ions  exceetling  1  :  50  or  1  :  100.    White  scientifically  accurate,  the  prac- 
tical application  of  bactericidal  determinations  for  diagnosis  presents 
:onsiderable  technical  difficulties,  and  gives  way  to  the  no  less  accurate 
luethotl  of  agglutination. 

Aijijlutinins. — .Agglutinins  are  formed  in  animals  and  man  uioculatcd 
with  typhoid  bacilli,  and  in  the  cour'se  of  typhoid  fever.  It  was,  in  fact, 
while  studying  the  t\'phoitl  bacillus  that  the  agglutinins  were  firet  dis- 
covere<l  by  Gmlx>r  and  Durham. 

In  animals,  by  careful  immunization,  sjwcific  typhoid  agglutinins 
may  easily  be  produced  in  sufficient  quantity  to  be  active  in  dilution 
of  1  :  10,(X10,  antl  occasionally  even  1  :  50,000  or  over.  In  the  blood 
of  typhoid  patients,  the  agglutinins  may  often  be  found  in  dilu- 
tions of  1  :  100  and  over.  It  is  interesting  to  note  that  irrespec- 
tive of  the  agglutinin  contents  of  any  given  serum,  there  may 
occa-sionally  be  noted  difTerenccs  in  the  agglutinability  of  various 
typhoiti  cultures,  a  point  which  is  practically  important  in  the  choice 
of  a  typhoid  culture  for  routine  diagnosis  work.  Weeny '  has 
called  attention  to  the  fact  that  bacilli  which  do  not  readily  agglutinate 
when  directly  cultivated  from  the  body,  may  often  be  renderetl  more 
sensitive  to  this  reaction  by  several  generations  of  cultivation  upon 
artificial  media.    Walker  has  noted  '  a  loss  of  agglutinability  if  the  bacilli 


■  Weeny,  Btit.  Mod.  Jour.,  1889. 

•  Walker,  Jour,  of  Path,  aiid  Bact.,  1892;   Tolmtka,  Zeit.  f.  Hyg.,  xlv,  1903. 
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are  cultivated  in  imniunc  serum.  A  similar  alteration  in  the  agglutin- 
ahilitv  of  typhoid  Imrilii  was  notf'ii  by  Eisciiberg  amJ  Volk  '  when  they 
subjected  the  niicroorganiam  to  moderate  heat  or  to  weak  acids  such  aa 
^HCl. 

The  practical  application  of  agglutination  to  bacteriological  work  Ls 
found,  as  in  the  case  of  the  bactericidal  substances,  in  the  ideiitificatioii 
of  suspected  typhoid  bacilli,  and  in  the  diagnosis  of  typhoid  fever. 

When  it  is  desinnl  to  dctenninc  by  means  of  agglutination  whether 
or  not  a  given  bacillus  is  a  typhoid  bacillus,  mixtures  may  be  made 
of  young  broth  cultures,  or  preferably  of  emulsions  of  young  agar  cul- 
tuR's  in  ."ialt  .solution,  with  dilution.'*  of  immune  serum.  The  test.><  arc 
made  micr'oscopically  in  the  hanging-ilrop  preparation  or.  preferably, 
niacroscopicaUy  in  small  test  tubes.  In  all  cases  it  is  desirable  first  to 
determine  the  agglutinating  power  of  the  a«,Tum  when  tested  against 
a  known  typhoitl  culture.  (For  detailed  technique,  see  chapter  on 
Technique  of  Serum  Reactions,  p.  250.) 

In  scientific  investigations,  specific  agglutinations  in  high  dilutions 
of  immune  serum  constitute  verj'  strong  proof  of  the  species  of  the  niicro- 
firganism  and  may  often  furnish  nuich  information  as  to  the  biological 
relationships  between  .similar  species.  It  is  found  in  immunizing  ani- 
mals with  any  given  strain  of  typhoid  bacilli,  that  there  are  formed 
the  "chief"  or  "major"  agglutinins  which  are  specific  and  active 
against  the  species  used  in  inmninization,  and  the  "  group  "  or  "  minor  " 
.agglutinins,  active  also  against  closely  relattnl  microorganisms.  The 
following  extract  from  a  table  will  serve  to  iUustrate  this  point  in  the 
case  of  typhoid  and  allied  bacilli. 


I 

I 


B. typh 
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The  sera  of  mo.st  adult  nomial  animals  and  human  beings  usually 
contain  a  small  amount  of  agglutinin  for  these  bacilli.  Immuniza- 
tion with  the  typhoid  bacillus,  while  increasing  chiefly  the  agglutinin 


Buenberg  unci  Volk,  Zeit.  f.  Hyg.,  xlv,  1903. 
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for  this  bacillus  itself,  also  to  a  slighter  extent  increases  the  group  ag- 
glutinins for  other  closely  allied  species.  Tliat  tlii'se  group  afj:glu- 
tinins  are  separate  substances  and  not  merely  a  weaker  manifestation 
of  the  action  of  the  typlioid  agglutinin  itself  upon  these  otlier  micro- 
organisms, may  be  demonstrated  by  the  experiments  of  agglutinin. 
absorption.     (See  section  on  Agglutinins,  page  234.) 

In  the  clinical  diagnosis  of  typhoid  fever,  the  phenomenon  of 
agglutination  was  first  utilized  by  Widal.'  This  observer  called  at- 
tention to  the  fact  that  during  the  last  part  of  the  first  or  the  earlier 
days  of  the  second  week  of  typhoid  fever,  as  well  as  later  in  the  dis- 
ease and  in  convalescence,  the  blood  serum  of  patients  would  cause 
agglutination  of  typhoid  bacilli  in  dilutions  of  1 :  10,  or  over,  whereas 
the  serum  of  normal  individuals  usually  exerted  no  such  influence. 
Upon  this  basis  he  reconniieiided,  for  the  diagnosis  of  the  disease,  tiie 
employment  of  a  microscopic  agglutination  test  carried  out  by  the 
usual  hanging-drop  technique.  The  reaction  of  Widal  is,  at  present, 
widely  depended  upon  for  diagnostic  piir]>oses  and  although  not  uni- 
versally successful,  owing  to  irregularities  in  agglutinin  formation 
in  some  patients  and  because  of  differences  in  agglutinability  of  the 
cultures  employed,  it  is  nevertheless  of  inucli  value.  Tlie  fact  tltat 
the  recent  work  of  Hooker  and  of  Weiss  has  shown  that  typlioid  bacilli 
differ  in  antigenic  properties,  and  may  on  the  basis  of  agglutination 
and  apglutinine  absorption  be  divided  into  a  number  of  groups,  will 
necessitate  the  use  of  several  cultures  for  "Widal  reactions.  The  orig- 
inal conclusions  as  to  the  dilutions  of  the  serum  which  must  be  em- 
ployed, have,  however,  necessarily  been  modified.  Owing  to  the  fact 
that  Gruber,"  Stem,'  Friinkel,*  and  a  number  of  others  have  found  that 
occasionally  normal  serum  will  give  rise  to  agglutination  of  typhoid 
bacilli  in  dilutions  exceeding  1 :  10,  it  has  been  found  nece&sary,  when- 
ever making  a  diagnostic  test,  to  make  several  dilutions,  the  ones  most 
commonly  employed  being  1 :  20,  1 :  40,  1 :  60,  and  1 :  80.  The  wide 
application  of  the  method  has  given  rise  to  the  development  of  a 
number  of  technical  procedures,  all  of  tliem  devised  with  a  view 
toward  simplification.  In  ordinary  hospital  work,  it  is  most  con- 
venient to  keep  on  hand  ujvon  slant  agar,  a  stock  typhoid  culture,  the 
agglutinability  of  which  is  well  known.   From  this  stock  culture,  fresh 

'  Wulal,  Bull,  de  la  80C.  m6d   ilea  hfipit.,  vi,  1896;  Widnl  et  Sirard,  Ann.  de 
I'inst.  Pasteur,  xi,  1S97. 

^Griiber,  Vcrhand.  Conitr.  f.  inn.  Med.,  Wieabadpn,  1806. 

*Slern,  Cent.  f.  inn.  Med.,  xlix,  1896.         •  Fr/inkel,  Deut.  meil.  Wooli.,  ii,  1897. 
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■  inoculations  upon  neutral  lx»uillon  should  he  made  each  day,  so  that  a 

■  young  broth  culture  may  always  be  on  hand  to  furnish  actively  motilr, 
I  evenly  di8tribut.od  hact<>ria.  These  bouillon  cultures  may  bo  grown 
I  for  from  six  to  eight  houi-s  at  inculjator  tL'in]x*raturc  or  for  from  twelve 

■  to  eighteen  hours  at  room  tcmjjcrature.  Tlie  temperatures  at  which 
I  the  broth  cultures  are  kept  inui*t  depend,  to  a  certain  extent,  upon  the 

■  peculiarities  of  the  typhoid  bacillus  employed,  since  some  strains  are 
m  rather  more  actively  motile  and  furnish  a  more  suitable  emulsion  if  kept 

■  at  a  temperature  lower  than  37.5°  C.  A  false  clumping  in  the  broth 
I  cultures  due  to  a  too  high  aridity  of  the  bouillon  or  a  too  prolongeil 
H  incubation,  must  be  carefully  guarded  against.  It  is  aLio  possible  to 
I  use  for  this  test  an  emulsion  of  typhoid  bacilli  prepared  by  rubbing  up  a 
I  small  (juaiitity  of  a  young  agar  culture  in  salt  solution.  Uniformity 
I  in  the  preparation  of  broth  cultures  or  of  emulsions  should  be  observed, 
I  since  the  f|uantitative  relationship  between  typhoid  bacilli  and  agglu- 
P  tinins  will  markedly  alTect  the  completeness  or  incompleteness  of  tlie 

reaction.  In  high  dilutions  an  excess  of  typhoid  bacilli  may  bring  about 
complete  absorption  of  all  the  agglutinins  present,  without  agglutinat- 
ing all  the  mieroorganLsms. 

The  blood  of  the  patient  to  be  used  for  a  Widal  test  may  be  obtained 
in  a  number  of  waj's.  The  most  convenient  method  is  to  bleed  the  pa- 
tient from  the  ear  or  finger  into  a  small  glass  capsule,  in  the  fonn  of  that 
used  in  obtaining  blood  for  the  opsonin  test,  or  into  a  small  centrifuge 
tube.  About  U.'y  to  1  c.c.  is  amply  sufficient.  The.stj  capsules  or  tubes, 
after  clotting  of  the  blood,  may  be  placed  in  the  centrifuge  which  in  a 
few  revolutions  will  separate  clear  senmi  from  clot.  The  ililutions  of 
the  serum  are  then  made.  It  is  best  to  lise  sterile  physiological  salt  solu- 
I  tion  as  a  diluent,  but  neutral  broth  may  be  used.    The  dilutions  may  Ix; 

made  either  by  means  of  an  ordinary'  blood-counting  pipette  or  by  means 
of  a  capillary  pipette  upon  which  a  mark  with  a  grease  pencil,  made 
about  an  incli  from  the  tip,  funiishes  a  unit  of  measurt>,  and  upon 
which  suction  is  made  by  means  of  a  rubber  nipple.  It  is  convenient 
to  have  at  hand  a  small  porcelain  palette  such  as  that  u.sed  by  painters, 
in  which  the  various  cup-like  impressions  may  bo  utilized  to  contain  tho 
various  dilutions.  Dilutions  of  the  scrum  are  made,  ranging  from  1:10 
to  1  :  50.  .\  drop  of  each  of  these  dilutions  is  mixed  with  a  drop  of  the 
typhoid  ctiltuiv  or  emulsion  upon  the  center  of  a  cover-slip  and  the  cover- 
slip  inverted  over  a  hollow  slide.  A  control  with  normal  serum  and 
the  same  culture  should  always  Ik*  made  and  also  one  with  the  culture 
alone  to  exclude  the  possibility  of  spoHtaueous  clumping.     Mixturo 
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with  the  typhoid  culture,  of  courso,  each  time  doubles  the  drlut'ions 
ISO  that,  for  instance,  a  drop  of  serum  dilution    1  :  10,  plus  a  drop  of 
(the  typhoid   culture,  gives  the  final  dilution  of  1  :  20.    The  prepara- 
[tions  may  be  examined  with  a  high  power  dry  lens  or   an  oil    im- 
mersion lens.     In  a  positive  R'aetion,  the  bacilli,  which  at  first  swim 
<about  actively,  singly  or  in  short  chains,  soon  begin  to  gather  in  small 
[groups  and  lose  much  of  their  activity.     Within  one-half  tn  one  hour, 
[they  will  be  gathered  in  dense  clumps  between  which  the  fluid  is  cleur 
[and  free  from  bacteria,  and  only  upon  the  edges  of  the  agglutinated 
(masses  may  .slight  motility  be  observed.     The  degree  of  dilution  and 
[the  time  of  exposure  at  which  such  a  reaction  maj"  be  regarded  as  of 
[Bpecific  diagnostic  value,  have  been  largely  a  matter  of  empirical  de- 
[tcmiination.     It  is  generally  accepted  at  present  that  complete  agglu- 
r'tination  within  one  hour  in  dilutions  from  1  :  40  ta  1  :  00  is  definite 
prcof  of  the  existence  of  typhoid  infection.     Exceptions,  however,  to 
.this  rule  may  occur,    .\gglutination8  of  typhoid  bacilli  in  dilutions  of 
[l  :  40,  and  over,  have  occasionally  been  observed  in  csises  of  jaundice 
■And  of  tuberculosis,  and  these  conditions  must  occasionally  be  consid- 
ered, though  their  imiwrfance  was  formerly  exaggerated. 

The  method  of  making  the  Widal  test  fmm  a  drop  of  whole  blood, 
dried  upon  a  slide,  is  not  to  be  recommended,  as  accuracy  in  dilution 
I        by  this  method  is  practically  inipossiljle. 

iAs  stated  above,  the  agglutimn  reaction  rarely  appears  in  typhoid 
fever  before  the  beginning  of  the  second  week.  It  may  continue  during 
convalescence  for  as  long  as  six  to  eight  weeks  and  occasionally,  in  cases 
where  there  Ls  a  chronic  infection  of  the  gidl-bladder,  a  Widal  reac- 
tion may  be  present  for  years  after  an  attack. 
For  very  exact  work,  even  in  clinical  ca.ses,  the  microscopic  agglu- 
tination methoil  may  be  replaced  by  macroscopic  agglutination,  ac- 
cording to  the  technique  described  in  another  section  (page  229) . 

In  order  to  avoid  both  the  necessity  of  keeping  alive  typhoid  cultures 
for  routine  agglutination  tests  and  al.^  to  preclude  the  danger  of  in- 
fection by  the  use  of  living  culture,  Ficker '  has  recommended  the  use 
of  typlioid  liacilli  killed  by  formalin.  This  method  has  no  advan- 
tages for  practical  purposes  and  in  scientific  l>acteriological  work  it  is, 
of  course,  not  to  be  considered  in  comparison  with  the  other  exact 
methods. 

Precipitins. — The  investigations  of  Kraus '  in  1S97,  by  which  the 

'  Ficker,  Bcrl.  klUi.  Woch.,  xlviii,  1903.     •  Kraus,  Wien.  k|in.  Woch.,  ijudi,  1897. 


precipitins  were  discovered,  revealed  specific  precipitating  substances, 
among  others,  also  in  typhoid  immune  sera.  Since  Kraus'  original  in- 
vestigation, these  substances  have  been  studied  by  Norris  '  and  others.' 

Opsonins. — A  number  of  observers  have  shown  that  opsonins  .specific 
f(H-  the  typhoid  bacillus  are  formed  in  animals  immunized  with  these 
orj^antsms.  Opsonins  are  formed  also  in  patients  suffering  from  typhoid 
fever,  but  exact  opsonic  estimations  in  all  these  cases  are  extremely 
difficult  because  of  the  rapiil  lywis  which  these  bacteria  may  undergo 
both  in  the  serum,  and  intriu'ellularly  after  ingestion  by  the  leucocytes. 
Ivlein  '  has  attemptc<l  in  part  to  overcome  this  difficulty  by  working 
with  dilutions  of  serum  and  at  the  same  time  using  comparatively  thick 
bacterial  emulsions  and  exposures  to  the  phagocytic  action  not  exceed- 
ing ten  minutes.  Cliantcmessc  *  hiis  claimed  that  the  opsonic  index  of 
typhoid  patients  was  increased  after  treatment  with  a  senim  obtained 
by  him  from  immunized  horses,  and  Harrison '  has  reported  similar 
results  in  patients  treated  by  a  modification  of  Wright's  method  of 
active  immunization.  Klein  claims  to  have  demonstrated  that  "in 
typhoid-immune  rabbits,  after  five  injections,  the  opsonic  contents  of 
the  blood  were  inci-eascd  to  an  equal  extent  with  the  bactericidal  sub- 
stances. He  concludes  from  this  interesting  observation  that  it  may 
well  be  that  the  opsonins  are  quite  as  important  in  typhoid  immunity 
as  arc  the  latter  substances. 

For  diagnostic  purposes  in  typhoid  fever  the  estimation  of  the  opsonic 
index,  .so  far,  has  not  been  proven  to  be  of  great  value. 

Specific  Therapy  in  Typhoid  Fever. — The  failure  to  pro<luce  p.  soluble 
toxin  from  typhoid  cultures  has  naturally  so  far  precluded  the  possibility 
of  an  antitoxic  therapy,  such  as  that  which  has  been  succcs.sful  in  diph- 
theria. In  the  light  of  our  present  knowledge  of  the  poisonous  product.s 
of  the  typhoid  bacillus  it  seems  but  natural  that  attempts  by  earlier 
investigators  to  apply  the  principles  of  Behring's  work  to  typhoid  fever 
were  doomed  to  fail.  .Vttcnipts  to  employ  specific  bactericidal  anil  bac- 
teriolytic sern  for  therapeutic  puqioses  in  this  disease  have  also  been 
without  favorable  result. 

Active  Proplii/hidic  Immunization. — ^We  have  seen  that  work  by 
PfeifTcr  and  Kolle  and  later  by  many  others  has  shown  that  it  is  com- 

<  Nonit,  Jour,  of  Inf.  DLs.,  I,  3,  1904. 

»  Barkrr  and  Cole.  22<1  Ann.  Session,  Aksj.  of  Amer.  Phys.,  Wash.,  IS97. 

'Klrin.  Bull.  John.s  Hopkins  Hcwp.,  1907. 

»ChnrUeme»$e,  14th  Intt-matl.  Cong,  for  Hyg.,  Berlin,  1907. 

*Harri9cm,  Jour.  Royal  Anuy  Med.  Corps,  8,  1907. 
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paratively  easy  to  immunize  animals  actively  against  typhoid  infection 
by  the  systematic  injection  of  graded  tloses,  at  first  of  dead  bacilli,  later 
of  fully  vindent  live  cultures.  Attempts  to  apply  these  principles  pro- 
phylactically  have  been  made  recently  on  a  large  scale  by  Wright  antl 
his  associates  upon  English  soldiers  in  South  Africa,  and  by  German 

Iob8er\'ers  in  German  East  Africa. 
I  The  first  recorded  experiment  of  this  sort  wliich  was  done  upon  human 
beings  was  that  of  Pfeififer  and  KoUe,'  who  in  1896  treated  two  in- 
dividuals with  subcutaneous  injections  of  an  agar  culture  of  typhoid 
fcucilli  which  had  been  sterilized  at  56°  C.  The  first  injection  was  made 
With  two  milligrams  of  this  culture.  Three  or  four  hours  after  the  in- 
jection the  patient  suffered  from  a  chill,  his  temperature  gradually  rose 
;to  105°  F.,  and  there  was  great  prostration  and  headache,  but  within 
twenty-four  hours  the  temperature  hail  returned  to  normal. 
This  experiment  showed  that  such  injections  could  be  practiced  upon 
human  beings  without  great  danger. 

)  Simultaneously  with  the  work  of  Pfeiffcr  and  Kolle,  Wright '  con- 
ducted similar  cxperimonts  on  oflicere  and  privates  in  the  English  army. 
The  actual  number  of  persons  treated  directly  or  indirectly  under 
Wright's  '  supcrvLsion  in  an  investigat  ion  covering  a  period  of  over  four 
years  comprised  almost  one  hundretl  thousand  cases.  The  methods 
employed  by  Wright  have  been  modified  several  times  in  minor  details; 
the  principles,  however,  have  remainetl  consistently  the  same.  In  the 
first  experiments  Wright  employed  an  agar  culture  three  weeks  old, 
grown  at  37°  C,  then  sterilized  at  a  temperature  below  60°  C,  and  pro- 

Itected  from  cont-amination  by  the  atklition  of  five-tenths  per  cent  of 
carbolic  acid.  Later,  Wright  *  emptoycd  bacilli  grown  in  a  neutral 
one-per-cent  pepton  bouillon  in  shallow  layers  or  flasks. 
Great  importance  is  attached  both  to  the  virulence  of  the  typhoid 
Btrain,  which  may  to  a  moderate  extent  be  standardized  by  passage 
through  guinea-pigs,  and  to  care  in  using  low  temperatures  for  final 
sterilization.  The  temperature  recommended  by  Harrison,*  is  52°  C, 
after  which  the  cultures  are  carbolized. 

'  Pfeiffer  un<i  Kotk,  Deut.  nied.  Woch.,  xxii,  1896;  xxiv,  1898. 
»  WrifflU,  Lancet,  Sept.,  1896. 

'  Wright  and  Semple,  Brit.  Med.  Jour.,  1897;  Wrighl  and  Leishman,  Brit.  Med. 
Jour.,  Jan.,  1900. 

*  Wright,  Brit.  Med.  Jour.,  1901;  Lancet,  Sept.,  1902;  Brit.  Med.  Jour.,  Oct., 
1903. 

•  Harriaon,  Jour.  Royal  Army  Medical  Corps,  1907. 
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It  is  nevertheless  extremely  difficult  to  tabulate  satisfactory  statis- 
tics from  a  mass  of  experiments  observed  by  a  large  number  of  indi- 
viduals. On  the  whole,  however,  it  seems  fair  to  state  that  advan- 
tanwtus  results  followed  the  active  immunization  practiced  by  Wright. 
Wrifrlit's  own  estimation,  in  a  careful  attempt  to  present  the  subject 
fairly,  j;ivcs  a  reduction  of  the  morbidity  from  typhoid  fever  in  the 
British  army  of  (ifty  per  cent,  aud  a  reduction  of  the  mortality  of  tiiose 
wlio  became  infected  in  spite  of  inoculations  of  fifty  per  cent  also. 
It  is  not  at  all  impossible  that  a  number  of  different  strains  will  have 
to  be  used  eventually  for  the  ideal  vaccine,  inasmuch  ns  tlie  antigenic 
difTerences  which  have  been  recently  discovered  and  alluded  to  would 
make  it  seem  that  no  8iii<rle  strain  can  be  expected  to  produce  anti- 
bodies which  would  protect  against  all  other  strains.  It  is  not  impos- 
sible that  some  individual  strain  may  combine  the  antigenic  properties 
of  the  entire  proup.    Tliis,  however,  has  still  to  be  worked  out. 

The  method  of  Peiffer  and  Kolle  consists  in  the  injection  of  salt- 
solution  emulsions  of  fresh  agar  cultures  sterilized  at  60°  C.  The 
residts  reported  were  in  general  favorable, 

Kccent  extensive  tests  in  the  United  States  Army,  observed  by  Rus- 
sell,' seem  to  have  removed  any  doubt  which  may  have  existed  as  to 
the  ef!lcacy  of  prophylactic  typhoid  vaccination.  Rus-sell's  statistics 
show  a  steady  decline  of  typhoid  in  the  U.  S.  Army  beginning  with  the 
introduction  of  compulsory  vaccination  in  1910.  In  1913  there  was 
but  one  case  among  over  80,000  men. 

The  method  at  present  employed  is  as  follows:  The  "Rawlings" 
strain  of  typhoid,  obtained  from  Wright,  is  used.  Eightecn-hour  agar 
cultures  in  Kolle  flasks  are  washed  off  with  sterile  saline  to  an  approxi- 
mate concentration  of  one  billion  to  the  c.c.  The  suspension  is  killed 
at  53°  C.  for  one  hour  and  0.25  per  cent  tricresol  is  added.  Aerobic 
and  anaornbic  culture  ecmtrols  are  made  and  a  rabbit  and  mouse  inocu- 
lated to  insure  sterility.  For  immunization  3  to  4  doses  are  given 
raiisritig  in  quantity  from  500  million  to  one  billion  at  7  to  10  day 
intervals.  The  protection  probably  lasts  about  2  years,  though  this  is 
not  certain. 

Another  point  of  importance  in  this  connection  has  recently  been 
raised  by  Jletchnikoff  and  Bcsredka.*  They  vaccinated  chimpanzees 
with  typhoid  bacilli  and  found  that  when  emulsions  of  the  clear  bac- 


'  RuMtU,  Am.  Jour,  of  Med.  Sc.,  cxlvi,  1913. 

*  MtUknUcoff  aa<i  fiairaikn,  Am,  do  1'inst,  Paet.,  1911. 
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teria  were  used,  protection  was  only  slight.  Better  results  were  ob- 
tained— tliat  is,  apparently  complete  protection  within  8  to  10  days — 
when  living  sensitized  bacteria  were  injected.  (Bacteria  which  had 
been  exposed  to  the  action  of  inactivated  immune  serum.)  Brou*:!!- 
ton  '  has  applied  this  method  to  human  beings.  Uay  -  has  also  pre- 
pared a  sensitized  dead  typhoid  vaccine  which  he  has  already  used  in 
a  considerable  number  of  cases.  It  will  take  some  time,  however,  before 
a  statistical  estimation  of  the  superiority  of  this  method  over  the  older 
vaccination  with  dead  bacteria  will  be  possible. 

Attempts  have  recently  been  made  to  treat  active  typhoid  fever  by 
intravenous  injections  of  sensitized  vaccines.  The  cases  are  as  yet  too 
few  to  permit  final  judgment. 


BACILLUS  FECALIS  ALKALIGENES 

In  1896  Petruschky '  described  a  bacillus  which  is  a  not  infrequent 
inhabitant  of  the  human  intestine,  being  found  chiefly  in  the  lower 
part  of  the  small  intestine  and  the  large  intestine.  This  organism, 
which  he  called  Bacillus  feealis  alkaligenes,  is  of  little  pathogenic  im- 
portance, although  Neufeld  states  that  he  has  seen  a  case  of  severe 
gastroenteritis  in  which  the  watery  defecations  contained  this'  bacillus 
in  almost  pure  culture.  As  a  rule,  however,  this  organi.sin  cannot  be 
regarded  as  pathogenic,  and  is  important  chiefly  because  of  the  ease 
with  which  it  may  be  mistaken  for  Bacillus  tj'phosus. 

Bacillus  fecalis  alkaligenes  is  an  actively  motile,  Gram-negative 
bacillus,  possessing,  like  the  typhoid  bacillus,  numerous  peritriehal 
flagella.  On  the  ordinary  culture  media  it  grows  like  the  tj'phoid 
bacillus.  It  does  not  coagulate  milk.  It  produces  no  indol,  and  on 
sugar  media  in  fermentation  tubes  produces  no  acid  or  gas.  On 
potato,  its  growth,  while  somewhat  heavier  than  that  of  the  typhoid 
bacillus,  is  not  sufficiently  so  to  permit  easy  ditTerentiation.  It  diffei-s 
from  Bacillus  typhosus  in  that  it  produces  no  acid  on  any  of  the  sugar 
media,  and  is  therefore  easily  ditTerentiated  by  cultivation  upon  Hiss 
serum-water  media  or  on  pepton  waters  containing  sugars.  On  the 
niss  semi-solid  tube-medium  Bacillus  fecalis  alkaligenes,  while  cloud- 
ing the  medium  throughout,  grows  most  heavily  on  the  surface,  where, 
eventually,  it  forms  a  pellicle. 

'  Broughton,  C.  R.  de  i'Acad.  des  Sc,  cliv,  1911. 

'Gay,  Arrh.  of  Int.  Mc<l.,  I0I4. 

•  PtlTutchky,  Cent,  f .  Bakt.,  I,  xix,  1896. 


CHAPTER  xxvrir 

BACILLI  OF  THE  COLON-TYPIIOID-DYSENTERY  GROITP 
{ConlinueJ) 

BACILLI  INTERMEDIATE  BETWEEN  THE  TTPHOID  AND  COLON 

ORGANISMS 

{Bacilli  of  Meat  Poisoning  and  Paratyphoid  Fever) 

There  ia  an  extensive  group  of  Gram-negjitive  bacilli  which  be^ 
cause  of  their  morphology,  cultural  Ix'havior,  ami  pathogenic  properties, 
are  classified  a^t  iiitorrnecliate  between  the  colon  and  the  typhoid  typea. 
The  microorganisms  belonging  to  this  group  have  been  ilescribed,  most 
of  them,  within  the  last  fifteen  years,  but  few  of  them  have  been  fully 
identified  with  one  another.  They  have  Iwcn  variously  designated  as  th** 
" hog-<;holera  group,"  "the  enteritidls  group,"  the  "paracolon  group" 
or  ''paratyphoid  group,"  because  of  the  psithological  conditions  with 
which  the  chief  moml>ers  under  investigation  have  been  found  associated. 

Attempts  to  systematize  the  group  hy  the  comparative  study  of  a 
large  number  of  its  members  have  been  made,  notably  by  Buxton' 
and  by  Durham,'  and  the  work  of  these  writers,  based  on  cultural  and 
agglutinative  studies,  has  added  materially  to  our  knowledge  of  theac 
organisms. 

The  microorganisms  of  this  group  arc  morphologically  indistinguish- 
able from  the  colon  and  typhoid  l)acilli.  They  are  Gram-negative  and 
possess  flagella.  Their  motility  is  variable,  b\it  usually  approaches 
that  of  the  typhoid  bacilli  in  activity.  They  correspond,  furthermore, 
to  the  two  other  groups  in  their  cultural  characteristics  upon  broth,  agar, 
and  (/elatin.  On  potato,  they  vary,  some  of  them  approaching  in  deli- 
cacy the  typhoid  growth  upon  this  medium,  others  more  closely 
approximating  the  heavy  brownish  growth  of  B.  coli.  Irulol  is  rarely 
formed  by  them,  though  this  has  not  been  absolutely  constant  in  all 
descriptions.    .'\s  a  group,  they  are  easily  distinguished  from  Bacillus 

•  Buxion,  Jour.  Med.  Res.,  N.  S.,  ui,  1000.    >  Durham,  Jour.  Exper.  Med.,  v,  1901. 
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^Ktj7>hosus  on  the  one  han<l,  and  from  Bncillus  coti  on  the  other,  by  the 
^P  following  simple  reactions  tabulated  by  Buxton.' 
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B.  ooli. 

Iiit«niicdi«tra. 

B.  typbo«». 

Coaeulation  of  milk 

+ 
+ 
+ 
+ 

+ 

Pro*  [uct  inn  of  iiiilol 

Fermcnliitioti  of  lactoHC  with  gaa 

Fernicntation  of  dextrose  with  gas 

Agglutination  in  typhoid-immune  serum. 

+ 

Characteristics  of  the  three  groups  a-s^howii  by  ffnncntatioii  tests 
fallow: 


B.  typhosus 

Intermediatca 

B.  coli  rommunis. . . 
B.  coli  coniniunior. . 

B.  iicidi  lactici 

B.  lactia  a^ogenea ' 


Cm  upoD 
Dvxtroiw. 


+ 
+ 


Gafl  upon 


+ 
+ 
+ 
+ 


Owi  upon 

Karcbarotw. 


+ 


Gu  oa 
Dulcit. 


+ 

+ 


Pathogenically,  the  bacilli  of  this  "intermediate  group"  have  attracted 
attention  chiefly  in  connection  with  meat  poi-ioninp;,  and  with  protracted 
fevers  indistinguishable  from  mild  tj-phoidal  infections. 

In  1888,  Gartner '  described  a  bacillus  which  he  i.solatetl  from  the 
meat  of  a  cow,  the  ingestion  of  which  had  profluccd  the  .symptom.s  of 
acute  gastrointestinal  catarrh  in  57  people.  One  of  those  died  of  the 
disease  and  the  bacilli  could  be  demonstrated  in  the  spleen  and  blood  of 
the  patient. 

This  bacillus,  called  Bacillus  enteriiidis  by  Gartner,  was  actively 
motile,  formed  no  indol,  but  produced  gas  in  dextrose  me<lia.  Acute 
gastrointestinal  sjiiiptcims  could  1m>  indvicefl  by  feeding  the  organisms 
to  mice,  guinea-pigs,  rabbits,  and  siioep,  and  the  bacilli  could  be  recov- 
ered from  the  infected  animals,  An  interesting  observation,  which 
has  since  l)Ccome  important  in  characterizing  the  group  of  these  bacilli 
concerned  in  meat  poisoning,  wtus  the  fact  that  the  bacterial  bodies 
themselves  were  found  by  Gartner  to  be  extremely  toxic,  containing  a 
poison  which,  in  contradistinction  to  the  endotoxins  of  many  other 
microorganisms,  was  extremely  resistant  to  heat.  Sterilized  cultures 
showed  the  same  pathogenic  effects  as  the  living  bacilli.     Epidemics 


•  Burton,  loc.  cit.  •  Jnchton. 

•  GArtner,  Corrcsp,  Bl.  d.  Aer«t.  Vereins,  Turingen,  1888. 
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of  meat  pnisoniug  siiiiilar  to  the  one  described  by  Gartner,  in  which 
Biriiilar  biict»?ria  were  JKolnted,  wore  those  descrihed  hy  Van  Krriu-n- 
gem,'  occurring  iit  Morscele  in  1891,  the  one  described  by  Hoist,-  the 
Rotterdam  epidemic  described  by  Poels  and  Dhont,'  the  one  described 
by  Baseuau,  and  many  others. 

Bacillus  Morscele  of  Van  Erniengem,  Bacillus  bovis  morbificans  of 
Basenau,*  and  bacilli  isolated  in  similar  epidemics  by  others,  are,  ex- 
cept  for  slight  differences  in  minor  characteristics,  almost  identical 
with  Oiirtner's  microorganism. 

In  1893,  Theobald  Smith  and  Jloore "  noted  a  great  similarity  be- 
tween the  80-cnllcd  hog-cholera  bacillus,  the  bacilli  of  the  Gartner 
group,  and  Bacillus  typhi  murium  isolated  by  LoefHer.  These  ob- 
servers fir.st  used  the  term  "hog-cholera"  group  for  the  organisms 
under  discussion. 

In  1899  Reed  and  Carroll "  noted  that  Bacillus  icteroides,  asso- 
ciated by  Sanarelli  with  yellow  fever,  was  culturally  similar  to  the 
bacillus  of  hog  cholera. 

Meanwhile,  other  observers  had  been  isolating  bacilli,  similar  to 
those  spoken  of  above,  from  cases  of  protracted  fevers  in  human 
beings,  often  closely  simulating  typhoid  infections.  The  first  cases  of 
this  kind  on  record  were  those  of  Achard  and  Bensaude.' 

In  1897,  "Widal  and  Nobecourt  *  described  u  bacillus  which  they  had 
isolated  from  an  esophageal  abscess  following  typhoid  fever,  which 
closely  resembled  Bacillus  psittjieosis  of  Noeard,"  and  which,  following 
a  nomenclature  previously  suggested  by  Gilbert,'"  liiey  designated  the 
paracolon  bacillus.  This  microorganism,  isolated  from  a  parrot  by 
Noeard,  showed  a  close  resemblance  to  bacilli  of  the  Gartner  group. 

Tliere  are  a  large  number  of  apparently  mmpathogenie  organisms 
sometimes  referred  to  as  paratyphoid  C,  but  better  perhaps  as  "  hetero- 
genous types,"  which  are  culturally  identical  with  the  paratyphoid 

•  Van  Ermengem,  Bull.  Acad.  d.  mdd.  de  Bclgtquc,  1892;  "Trav.  do  lab.  dc 
Puniv.  de  Gand,"  1892. 

*HoUt,  Ref.  Cent.  f.  Bakt.,  xvii,  1S95. 

»  Podt  und  DhnrU,  HoUuad  Zcit.  f.  Ticrheilkunde,  xxiii,  1894. 

•  Bancnau,  Arch.  f.  Hyg.,  xx,  1894. 

•  Th.  SmUh  and  Moore,  U.  S.  Bureau  of  Animal  Indaitry  Bull.,  vi,  1894. 

•  Reed  and  Carroll.  Medical  News,  Ixxiv,  1899. 

'  Aehard  and  Bntin\ide.  Bull,  de  la  soo.  d.  hApitau.x  de  Paris,  Nov.,  1906. 
'  Wuinl  et  NohecouH.  Semaine  mM.,  Aug.,  1897. 

•  ffocarii,  Ref.  Baumgarten's  JahreBb.,  1896. 
>•  Gilbert,  Semaine  ro^l.,  1895. 
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but  do  not  agglutinate  in  either  parHtyphoid  A  or  B  sera.  An  anti- 
erurn  produced  with  these  types  usually  reacts  with  the  homologous 
train  only.  Such  organisms  have  been  studied  by  Krumwiede  and 
oany  others,  including  ourselves.  Strains  recently  isolated  at  this 
aboratorj-  came  from  cases  of  nephritis,  German  measles,  jaundice, 
id  the  stools  of  healthy  soldiers,  done  as  a  matter  of  routine. 

In  1898,  Gwyn '  reported  a  case  at  tlie  .Johns  Hopkins  Hospital, 

fhich  presented  all  the  symptoms  of  typhoid  fever,  but  lacked  serum 

lagglutinating  power  for  Bacillus  typhosus.    From  the  blood  of  the  pa- 

Itient,  Gwj'n  isolated  an  organism,  with  cultural  characteristics  similar 

Ito  those  of  the  Gartner  bacillus,  which  he  called  a  "paracolon  bacillus." 

^This  bacillus  was  agglutinated  specifically  by  the  sernm  of  the  patient. 

Gushing,'  in  1900,  isolated  a  similar  microorpanism  from  a  costo- 

chondral  abscess,  appearing  during  convalescence  from  typhoid  fever. 

In  the  same  year,  Schottmiiller  *  reported  five  cases  from  which 

similar  bacilli  were  isolated.    Careful  cultural  studies  of  the  microor- 

Fjanisms  here  obtained  showed  that  they  could  he  divided  into  two  simi- 
lar, yet  distinctly  different  types,  one  of  them,  the  "Miiller"  organism, 
approaching  closely  to  the  typhoid  type,  especially  in  its  growth  upon 
potato;  the  other,  the  "Seeman"  tj'pe,  corresponding  more  closely  to 
the  Gartner  bacilli.  Similar  cases  were  reported  by  Kurth,*  Buxton 
and  Coleman,"  Libman,*  and  others. 

The  two  types  of  organisms,  paratyphoid  A  and  B,  described  by 
Schottmiiller  and  studied  by  many  otlier  observers,  can  be  culturally 
differentiated,  though  not  without  difficulty. 

Type  A  is  more  delicate  in  its  tirowth  on  various  media  than  B, 
growing  with  plmost  invisible  growth  on  potato,  and  differing  from 
typhoid  in  its  gas  formation  on  dextrose  broth.  Milk  is  not  coagu- 
lated, but  remains  turbid,  not  being  finally  cleared  by  solution  of  the 
casein  as  in  similar  cultures  of  type  B.  Lactose  whey  is  acidified  and 
remains  acid.  This  organism  has  been  isolated  from  the  normal  intes- 
tines of  animals  by  Morgan.'  Kut.'^cher  for  this  reason  suggests  that 
essentially  and  except  in  rare  instances  this  organism  is  a  non-patho- 

'  Gwyn,  Johnfl  Hopkins  Hosp.  Bull.,  1S9S. 

^Cwhing,  Johos  Hopkins  Hoap.  Bull.,  1900.  ^ 

'  ScJioUmulUr,  Dcut.  med.  Woch.,  1900;  Zeit.  f.  Hyg.,  xxvi. 

«  KnHh.  Deut.  med.  Woch.,  1901.  

» Buxton  and  Coleman,  Proc.  N.  Y.  Pathol.  Soc.,  Feb.,  1902. 

•  Libman,  Jour.  Med.  Res.,  N.  S.,  iii,  1902. 

'  Morgan,  cited  from  Kulscher,  KoUe  und  Wassermann,  Handbuch.  ErgilnzungB,  L 
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genie  saprophyte.  Recently  Krumwiede,  Pratt,  and  Rohm  have  shown 
that  the  members  of  this  group  and  some  )if  the  so-e.illed  paratyphoid 
C  group  may  be  distinguished  from  all  tlie  otiier  paratyphoids  by 
inability  to  ferment  xylose,  and  Weiss  has  shown  paratyphoid  A  may 
be  subdivided  on  the  basis  of  antigenic  properties. 

Type  B  grows  more  heavily  on  all  media  than  A,  especially  on 
potato  (though  this  is  irregular).  Milk  is  slightly  acidified  at  first, 
but  eventually  is  rendered  alkaline  and  cleared,  possibly  by  casein 
solution. 

Subdivision  of  this  group  was  made  by  Weiss  and  others  on  the 
basis  of  inosite  fermentation.  Eventual  diiferentiation  must  be  made 
by  agglutination. 

The  diseases  caused  by  these  bacteria  may  be  divided  as  follows : 

I.  Those  whieh  fall  into  the  categorj'  of  mt'at  poisoning  with  sudden 
onset  of  gastroenteric  symptoms  following  ingestion  of  meat;  and 

II.  Those  in  which  the  disease  simulates  a  mild  typhoid  fever,  dif- 
fering from  thi.s  only  by  the  absence  of  the  specific  agglutination. 

The  differential  diagnosis  between  the  second  type  of  case  and  true 
typhoid  fever  may  be  extremely  difficult.  In  contradistinction  to 
true  typhoid  the  temperature  reaction  of  this  case  may  set  in  more 
abruptly  and  remain  more  irregular  throughout  the  disease.  Gastric 
symptoms,  vomiting,  and  nausea  are  often  more  prominent  than  in 
typhoid  fever  and  enlargement  of  the  spleen  is  less  regularly 
present.  Owing  to  the  low  mortality  of  paratyphoid  fever  (in 
120  cases  observed  by  Lent?, '  less  than  4  per  cent,  and  in  many 
other  smaller  epidemics  no  deaths  have  occurred),  we  have  remained 
relatively  ignorant  concerning  the  pathologic  anatomy  of  the  dis- 
ease. Longcope  *  observed  a  case,  fatal  after  two  weeks  of  illness, 
in  which  there  was  no  enlargement  of  Peyer's  patches  and  no  sign  of 
even  beginning  ulceration.  Most  other  observers  have  also  found  less 
involvement  of  the  lymphatics  of  the  bowel  than  is  found  in  typhoid 
fever.  During  the  disease  the  bacteria  can  often  be  cultivated  from 
the  blood,  and  the  serum  of  tlie  patient  may  agglutinate  specifically 
paratyphoid  strains.  In  this  way  the  diagnosis  can  often  be  made. 
Libmann '  has  isolated  the  organism  from  the  fluid  aspirated  from  the 
gall  bladder  in  a  case  oj>eratod  on  for  cholecystitis. 

Most  of  these  microorganisms  possess  pathogenicity  for  mice,  guinea- 

« LmJt,  Klin.  Jahrb..  xiv,  1914. 

'  Longcope,  Anier.  Jour,  of  Med.  Sciences,  cxxiv,  1902. 

*  Libmann,  Jour,  of  Med.  Ree.,  viii,  1902. 
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IpigB,  and  rabbits,  which  exceeds  that  of  the  colon  or  typhoid  bacilli. 
lA  number  of  the  b8u:i(li  of  this  group,  furthermore,  especially  those  most 
Iclosely  similar  to  the  original  B.  entcritidis  of  Gartner,  contain  an  endo- 
I toxin  which  shows  a  high  resistance  to  heat,  which  may  explain  the  fact 
(that  illness  has  occasionally  followed  the  ingestion  of  infected  meat  even 
after  preparation  by  cooking. 

Bacteriological  correlation  of  these  bacilli  has  been  attempted,  as 
stated  aljove,  by  Durham  and  by  Buxton,  and  more  recently  by 
Kutscher  and  Meinicke.'  The  suliject  is  a  difficult  one  and  for  ultimate 
clearness  will  require  much  further  work. 

Harding  and  Ostenberg*  have  examined  a  series  of  organisms  of  the 
intermediate  group  on  various  sugars,  and  find  that  by  the  use  of 
xylose  and  arabinose  three  definite  groups  can  be  establi.shed, 

I.  Those  making  aldehyd  (red)  on  fuchsin-sulphite  agar  with  both 
arabinose  and  xylose — both  Schottmuller  types  A  and  B  and  strains 
of  Bacillus  enteritidis. 

II.  Red  on  arabinose  and  not  on  xylose — typhi  murium,  para- 
typhoid Gwyn,  paratyphoid  Loomis,  and  three  others. 

III.  Red  on  xylose  and  not  on  arabino.se — B.  hog  cholera. 

This  work  was  carefully  carried  out  and  may  possil>ty  point  toward 
an  ultimate  classification.  However,  the  strains  employed  were  too 
few  to  permit  definite  conclusions  at  present. 

Durham,^  on  the  basis  of  cultural  and  agglutinative  studies,  has 
formulated  a  cla.s.sification  of  the  (! ram-negative  bacilli  of  the  typhoid- 
colon  and  allied  groups,  which,  though  hardly  final,  aids  considerably 
in  throwing  light  upon  the  interrelationships  of  the  various  species. 
Durham's  divisions  are  as  follows: 

Division  I.    Typhoid-like  Morphology  (motile). 

A.  No  sugars  fermented.    Type  B.  fecalis  alkaligenes. 

B.  Acid  in  dextrose,  but  no  gas.  Type  B.  typhasus.  Agglutination 
in  typhoid  serum. 

C.  Acid  in  dextrose,  but  gas  only  when  other  constituents  are  favor- 
able. No  acid  or  gas  from  lactose  or  saccharose.  No  agglutination  in 
tjTjhoid  serum.  Includes  Bacillus  "Gwyn"  and  Bacillus  "O"  of 
Cufihing. 

D.  Acid  and  gas  from  dejctrose.     No  acid  or  gas  from  lactose  or 


•  Kutscher  und  Meinicke,  Zcit.  f.  Hyg,,  lii,  1906. 
'  Harding  and  Osleulterg,  Jour,  of  Inf.  Dia.,  ii,  1912, 

•  f>urham,  loc.  cit. 
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saccharose.  Grows  more  rapidly  than  typhoid.  No  agglutination  in 
colon-immune  serum.  Slight  reaction  with  some  typhoid  sera.  Includes 
Gartner's  B.  enteritidis,  B.  Morseele,  Gunther's  meat-poisoning  bacillus, 
hog  cholera  bacillus,  B.  psittacosis,  B.  morbificans  bovis,  Durham's 
Bacillus  "A,"  B.  typhi  murium. 

Division  II.   Cohn-like  Morphology  (motile). 

E.  Acid  and  gas  from  dextrose,  none  from  lactose  or  saccharose. 
Kate  of  growth  and  colony  appearance  more  like  colon  than  typhoid. 

F.  Acid  and  gas  from  dextrose,  and  no  gas  from  lactose.  Tj^pes 
isolated  by  Durham. 

G.  Acid  and  gas  from  dextrose;  acid,  no  gas,  from  lactose.  Differ 
from  F  in  serum  reactions. 

H.  B.  coli  communis.  Acid  and  gas  from  dextrose  and  lactose;  none 
from  saccharose. 

/.  B.  coli  communior.  Acid  and  gas  from  dextrose,  lactose,  and 
saccharose. 

Division  III.  Non-motile.  Polysaccharide  splitters  fstarch).  Tj^pe 
B.  lactis  aerogenes.  Includes  bacilli  of  mucosus  capsulatus  group,  and 
Friedlander's  bacillus. 


CHAPTER   XXIX 

BACILU  OF  THE  COLON-TYPHOID-DYSENTERY  GROUP 
{Continued) 

THE  DTSENTERT  BAOILLI 


Although  acute  dysentery  has  been  an  extremely  prevalent  disease, 
occurring  almost  annually  in  epidemic  fonn  in  acme  of  the  Eastern  coun- 
tries and  appearing  sporadically  all  over  the  world,  its  etiology  was 
obscure  until  1898  when  Shiga  '  described  a  bacillus  which  he  isolated 
from  the  stools  of  patients  suffering  from  this  disease  in  Japan,  and  es- 
tablished with  scientific  accuracy  its  etiological  significance.  Since  the 
discovery  of  Shiga's  bacillus  a  number  of  other  bacilli  have  been  de- 
scribed by  various  workers,  all  of  which,  while  showing  alight  biological 
differences  from  Shiga's  microorganism,  are  sufficiently  similar  to  -it 
culturally  and  pathogenically  to  warrant  their  being  classified  together 
with  it  in  a  definite  group  under  the  heading  of  the  "dysentery  bacilli." 

The  manner  in  which  Shiga  made  his  discovery  furnishes  an  in- 
structive example  of  the  successful  application  of  modem  bacteriological 
nu'thofJs  to  etiological  investigation.  Many  workers  preceding  Shiga 
had  attempted  to  throw  light  upon  this  subject  by  isolations  of  bacilli 
from  dysenteric  stools,  and  by  extensive  animal  inoculation.  Shiga, 
following  a  suggestion  made  by  Kitasato,  approached  the  problem  by 
searching  for  a  microorganism  in  the  stools  of  dysentery  patients  which 
would  specifically  agglutinate  with  the  scrum  of  these  patients.  His 
labors  were  crowned  with  success  in  that  he  found,  in  thirty-si.x  cases, 
one  and  the  same  mitroorganism  which  showed  uniform  serum  agglu- 
tinations. Further,  he  found  that  this  bacillus  was  not  present  in  the 
dejections  of  patients  suffering  from  other  di.seascs  nor  in  those  of  normal 
men,  and  that  when  tested  against  the  blood  serxmi  of  such  people  it 
was  not  agglutinated. 

Morphology. — Shiga's  bacillus  is  a  short  rod,  rounded  at  the  ends, 

•  Shiga,  Cent.  f.  Bakt.,  xxiii,  1898;  ibid.,  xxiv,  1898;  Deut.  med.  Woch.,  xliii, 
xliv,  and  xlv,  1901. 
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morphologically  very  similar  to  the  typhoid  bacillus,  and,  liko 
inclined  to  involution  forms.  The  organism  generally  fx 
singly,  more  seldom  in  pairs.  It  is  decolorized  by  Gram's 
method  of  staining.  With  the  ordinary  anilin  dyes  it  stains  eaaily, 
showing  a  tendency  to  stain  with  slightly  greater  intensity  at 
the  emls.  The  organism  is  an  aerolK-  and  facultative  anaerobe. 
.Vlthoiigh  <le8{-ril)ed  at  first  by  Shiga  as  being  motile,  its  motility 
ha,s  not  been  satinfacl(>rily  proven,  and  most  obserN'ers  agree  in 
denying  the  presence  of  llagella  and  affirming  the  complete  absence 
■of  motility. 

Cultural  Oharacteristics. — On  agar  the  colonies  are  not  characteristic, 
resembling  tho.sc  of  the  tyi>hoid  bacillus. 

On  geMin,  the  colonies  appear  very  much  like  typhoid  colonies  and 
the  gelatin  is  not  liquefied. 

On  pofalo,  the  growth,  like  that  of  typhoid,  is  at  first  not  visible,  but 
after  about  a  week  turns  reddish  brown. 

In  broth,  there  is  clouding,  with  moderate  deposits  after  some  days. 
No  pellicle  is  fonnetl. 

MUk  is  not  coagulated.  LUmuit  milk  shows  a  slight  primary  acidity, 
later  again  becoming  alkaline  and  taking  on  a  progressively  deeper  blue 
cdlor. 

Iridol  Ls  not  formed  in  pepton  water  by  all  varieties. 

Xo  giiK  is  foniicd  in  me<lia  containing  dextrose,  laetose,  aaecharom, 
or  other  carbohjdrate. 

While  not  delicately  susceptible  to  reaction,  the  bacillus  prefers 
slightly  ulkalin"  media. 

Shiga  differentiated  his  organism  from  the  typhoid  bacillus  chiefly 
by  supposed  differences  in  colony  characters  and  by  the  agglutination 
reaction. 

Following  the  work  of  Shiga,  a  large  number  of  investigators  turned 
their  attention  to  the  subject  of  dysentery,  with  the  result  that  many 
new  forms  were  discovcretl  and  at  first  a  considerable  amount  of  con- 
fusion prcvai!''d. 

Flexner '  in  1899  investigated  dysentery  in  the  Philippines,  and 
isolated  a  bacillus  which,  he  considered,  corresponded  to  Shiga's 
organism. 

Strong  and  Mu.<*grave*  in  1900  described  a  bacillus  isolated  from 

« Flexner.  Phfla.  Mwl.  Jour.,  vi.  1900,  and  Bull.  Johnx  ITopkiiu  Hoap.,  xi,  1900. 
'Strong  and  Musgraiv,  Report  Surg.  Gen.  of  Anny,  Washington,  1900. 
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(fsentery  cases  in  the  Philippines  which  was  essentially  like  that  of 
lexner. 

Nearly  simultaneously  with  the  papers  of  Flexner  and  of  Strong  and 
[usgravc,  Kruse  '  published  investigations  of  an  epidemic  of  dysentery 
occurring  in  Germany.  His  observations  were  of  the  greatest  importance 
and  lai-gcly  formed  the  starting  point  of  the  further  udvimres  which 
have  Ix^n  made  in  the  etiology  of  dyspntery. 

Kruse's  organism  was  described  as  forming  colonies  on  gelatin  and 
agar,  practically  like  those  of  Bacillus  typhosus.  Like  this  bacillu.s,  no 
gas  was  formed  from  grajjc  sugar,  and  the  growth  in  milk  and  on  potato, 
and  even  in  Piorkowski's  urine  gelatin,  resembleit  tlmt  of  Bacillus 
tyi)ho.sus.  According  to  Kruse,  this  orgmiism  was  absolutely  with- 
out motility. 

In  1901  Kruse '  contributed  a  second  paper.     In  this,  besides  con- 
firming his  previous  observations,  he  dcscri!)ed  another  class  of  organ- 
ism coming  from  cases  which  he  designated  as  "  pscudo-dysenterj'  of 
insane  asj'lums."    In  the  case  of  one  patient,  and  at  two  autopsies,  he 
Lsolatetl organisms  which  he  could  not  tlistiiipui.sh  morphologically  orcul- 
^■fturally  from  the  true  dysenteiy  bacillus,  but  whicti  showed  differences  in 
^^Wieir  serum  reaction.     By  careful  study  of  the  behavior  of  these  bacilli 
^Bu  the  serum  of  patients  and  in  immune  serum  from  animals,  he  not 
^H^nly  showed  that  they  were  different  from  his  original  cultures  from 
^^cases  of  epidemic  dysentery  which,  no  matter  what  their  source,  were 
found  to  be  alike,  l)ut  that  they  showed  differences  among  themselves 
id  apparently  fell  into  two  or  more  varieties.    One  of  these  organisms 
Bulturally  and  by  its  scnim  reactions  .showed  itself  practically  identical 
rith  one  of  the  cultua-s  he  had  receivetl  from  Flexner. 

Spronck*  in  1901  described  an  organi.sm  isolated  in  Utrecht  from 
JyBcnt'Cry  ca.ses,  which  showed  great  similarity  to  the  Shiga- Knise 
srganism;  but,  when  t«sted  in  the  si-rum  of  a  horse  immunized  against 
le  dysentery  bacillus,  showed  practically  no  agglutination.  He  placed 
lis  organism  in  the  group  designated  by  Kruse  as  the  "  pseudo-dy.«entery 
i)a<.'illi."  His  communication  is  of  importance,  since  it  i.s  the  first  re- 
ported instance  in  which  any  investigator  had  recognized  and  associated 
the  so-called  p.seudo-dysentery  bacilli  with  dysentery  approaching  the 
acute  epidemic  form  in  type. 

Following  this  work  a  number  of  investigators,  including  Vedder 

'Knise,  Deut.  m«l.  Wiwh.,  xxvi,  J  900. 
•  Knae,  Deu).  mc?<I.  Woch.,  xxvii,  1901. 
'Spronck,  Rcf.  Bauingarten's  Jahresber,  IWtl. 
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and  Duval/  Flexner,  and  Shiga  '  himself,  published  communications  in 
which  thoy  claimed  identity  for  the  various  forms  previously  described,  j 

In  ISX!2  Park'  and  Dunham  described  an  organism  which  they 
found  in  a  Bmall  outbreak  of  dysenterj'  occurring  in  Maine.  Th» 
organi.sni  differed  from  most  of  those  previously  described  in  that  it 
was  found  to  produce  indol  in  pepton  solutions. 

In  the  same  year  Martini  *  and  I^entz  published  an  article  in  which 
they  attempted  to  differentiate  various  dysenterj'  bacilli  by  means  of 
agglutination.  This  research  is  of  importance  in  that  it  supported  the 
work  of  Kruse  and  of  Spronck,  indicating  a  difference  between  the  ag- 
glutinative character  of  the  Kruse  organism  and  the  so-called  "  pseudo- 
dysentery"  type,  in  which  Fle.xner's  organisms  were  included.  It  is  of 
further  interest,  since  it  indicated  a  marked  difference  between  Flexner  a 
Philippine  cultures  and  the  Philippine  culture  of  Strong,  the  Strong 
organism  refusing  to  agglutinate  not  only  in  "Shiga"  immune  scrum, 
but  also  in  "Flexner"  immune  serum. 

Simultaneously  with  this  article  Ix^ntz  '  published  the  results  of  com- 
parative cultural  researches  with  dysentery  and  "  pseudo-dy.sentery  " 
bacilli,  in  which  he  nuide  the  important  observation  that  the  original 
Shiga-Kruse  bacilli  did  not  affect  mannit,  while  the  "pseudo-dysentery" 
bacilli,  including  Flexner's  and  Strong's  Philippine  cultures,  fermented 
mannit,  giving  rise  to  a  distinct  acid  reaction  in  the  medium.  The 
Flexner  organisms  and  othera  of  the  "pseudo-dysentery"  bacilli,  how- 
ever, fermented  maltose,  while  the  Shiga-Kruse  tj-pe,  as  well  as  Strong's 
bacillus,  left  it  unchanged  at  the  end  of  forty-eight  hours. 

In  January,  1903,  Hiss  and  Russell  •described  a  bacillus  ("  Y")  from 
a  case  of  fatal  diarrhea  in  a  chihl,  which  by  ordinary  cultural  test  and 
absence  of  motility  was  found  to  resemble  the  Shiga-Knisc  and  Flexner 
bacilli.  Immediately  upon  its  isolation,  it  was  foimd,  however,  to  differ 
from  the  Kruse  culture  by  its  ability  to  ferment  mannit.  This  observa- 
tion was  made  independently  of  Lentz's  work,  which,  at  that  time,  had 
not  become  known  in  America.  In  the  comparative  study  of  Hiss  and 
Russell  on  the  fermentative  abilities  of  various  dysentery  cultures,  the 
serum  water  media  (described  on  page  132)  were  used.     By  the  use  of 

>  Vfdder  and  Duval,  Jour.  Eip.  Med.,  vi,  1902. 

•  Shiga.  Zeit.  f.  Hyg.,  41,  1902. 

•  Park  and  Dunham,  N.  Y.  Univ.  Bull,  of  Med.  Sci.,  1902. 

•  Martini  und  LenU,  Zeit.  f.  Hyg.,  xli.  1902. 

•  LenU.  Zeit.  f.  Hyg.,  xli,  1902. 

•  Hi»a  and  Ru*iieU,  Me<l.  Neu-«,  Feb.,  1903. 
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these  media,  it  was  found  that  the  Kruse  culture,  a  culture  of  Flexner's 
bacillus  from  the  Philippines,  and  Duval's  "  New  Haven  "  culture  fer- 
mented dextrose  with  the  production  of  a  solid  acid  coaguluni,  but  did 
not  affect  mamiit,  maltose,  saccharose,  or  dextrin.  The  culture  of  Hiss 
and  Russell,  on  the  other  hanti,  fermented  not  only  dextrose  but  also 
mannit  with  the  production  of  acid  and  coagulation  of  the  medium. 
Maltose,  saccharose,  and  dextrin  were  not  fermented.  The  "  Y  "  bacillu.;, 
furthennore,  was  shown  to  differ  entirely  from  the  cultures  of  Shiga, 
Kru.se,  and  "New  Haven"  in  the  8i>nitn  of  immunized  animals.  This 
serum  had  for  bacillus  "  Y  "  a  titer  of  1  :  5tH)  while  the  three  other  above- 
named  organisms  did  not  agglutinate  in  it  at  any  dilution.  In  normal 
beef  serum,  the  Hiss-Russell  organism  was  found  to  agglutinate  a.s  highly 
at  1  :  ;}2(),  while  the  other  three  cultures  gave  no  n^action  in  dilutions  of 
over  1  :  10  or  20. 

Park  and  Carey,'  in  March,  1903,  described  an  epidemic  of  dysen- 
tery occurring  in  the  town  of  Tuckahoe,  near  New  York  City,  and 
isolated  an  organism  which  resembled  the  Shiga-Kruse  bacilli  in  not 
fermenting  mannit,  but  proiluced  indol  in  pepton  solution  after  five 
days.  It  corresponded  in  agglutination  with  the  cultures  "  New  Haven  " 
and  "Shiga"  when  tested  in  the  serum  of  a  goat  immunized  against 
the  mannit-fermenting  culture  "Baltimore,"  i.e.,  did  not  react  at  1 :  aO, 
whereas  Flexner's  "Manila"  and  "Baltimore"  cultures,  Park  and  Dun- 
ham's "Seal  Harbor"  culture,  and  some  New  York  cultures,  all  fer- 
menting mannit,  agglutinated  up  to  two  thousand  dilution  in  the  "  Bal- 
timore" semm. 

The  preceding  review  of  a  part  of  the  literature,  by  which  our  knowl- 
edge of  the  dysentery  bacilli  was  developed,  demonstrates  sufficiently 
that  we  have  to  deal  in  this  group  with  a  number  of  different  micro- 
organisms. This,  as  we  have  seen,  was  a  fact  first  recognized  by  Kruse 
when  he  spoke  of  his  true  dysentery  and  his  pseudo-dysentery  strains. 
In  spite  of  much  confusion  at  first,  the  careful  .study  of  fermentation 
phenomena,  of  .specific  agglutinations,  and,  more  recently,  by  Ohno  - 
and  others,  of  the  bacteriolytic  phenomena  in  immune  sera,  has  made 
it  possible  to  distinguish  sharply  between  a  number  of  groups. 

Basing  the  grouping  of  these  microorganisms  upon  a  careful  study 
of  fermentations,  Hiss  '  has  divided  them  as  follows: 


>  Park  and  Corey,  Jour.  Med.  Res.,  ii,  1903. 
*Ohno,  Philippine  Jour,  of  Sci.,  1,  ix.,  1908. 
>Hi*s,  Jour.  Med.  Rta.,  N.  S.,  viu.  190i. 
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"Shiga" 

"Kniae,"  )■      Ferment  dextroae.    Group  I. 


} 


"New  Haven" 

"Y"  (Hiss  and  RusseU  type) 
"  Seal  Hartjor" 
"Diamond" 
"Ferra" 

,t  a^        I.  /i       s  }       Fennents      dextroiae,    mamiit,    saccharofle 

"Strong"  (type)  [  Group  III. 


Ferment  dextrose  and  mannit.    Group  II. 


"Harris"  (type) 
"Gray" 
"Baltimore" 
"WoUstein" 


Ferment  dextrose,  mannit,  maltooe,  saccha- 
rose, dextrin.  Fermentation  of  saccharose 
(as  a  rule)  only  after  6  days.    Group  IV. 


It  was  noticed,  it  should  be  mentioned,  however,  that  in  the  case  of  the 
"  Y,"  "  Diamond,"  and  "Ferra"  there  was  usually  delayed  acid  fermen- 
tation of  maltose,  never  any  of  dextrin. 

In  studying  the  agglutinative  characters  of  these  groups,  furthermore, 
Jt  was  found  that  fermentation  tests  and  agglutinations  went  hand  in 
hand.    The  following  table  will  illustrate  this  point:' 

Serum  of  Rabbit  immunized  against  Group  I.  (Shiga's  culture). 

Bacilli  of  Group  I. : 

"Shiga"  (homologous) 20,000 

"Kruse"     20,000 

"New  Haven" 20,000 

Bacilli  of  Group  II.: 

"  Y  " 200 

"Ferra" 200 

".Seal  Harbor" , .  200 

Bacilli  of  Group  IV.: 

"  Baltimore  " 800 

.    "Harris" 800 

"Gray" 800 

"Wollstoin"  _ 800 

Serum  of  Rabbit  lmmuxizeu  aoainst  Group  II.    ("Y"  culture, 
Hiss  and  RussoU). 

BiuulH  of  Group  I.: 

".Shiga" loss  than  100 

"  KiiiNe  " 100 

"Now  Haven" 100 


Hia»,  Jour,  of  Me«l.  Rese.-irch,  1."?,  N.  S.,  viii,  1904. 
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Bacilli  of  Uroup  II.: 

"  Y  "  (homologous)    0,400 

"Ferra" 6,400 

"Seal  Harbor 6,400 

Bm-illi  of  Group  IV.: 

"  Baltimore  " 1 ,600 

"Gray" t.iMM) 

"Harria" l.fMKJ 

"WoIIstein" I.CJH) 

Serum  op  Radbit  immunized  against  Grouh  IV.    ("Baltiinon>*' 
failture). 

Biuilli  of  Group  I.: 

"  Sliiga  "    less  tlmn         100 

*•  Kruse  "  100 

"New  Haven" 100 

Bacilli  of  Group  II.: 

"Y" 400 

"Ferra" 400 

"SealHariior" 400 

Bacilli  of  Group  IV.: 

"  Baltimore  "  (homologous) 3,200 

"Harris" 3,200 

"Gray" 3,300 

"WoIIstein"  .  3,200 

In  common,  all  tlicsc  groups  possess  an  idt'ntica!  morphology,  tlie 
|Cram-ncgative  staining  charactcrislicSj  the  lack  of  motilitj'  with  close 
ladherence  to  the  line  of  inoculation  in  the  Hks  tube  medium,  the  in- 
ability to  lifiucfy  polfttin,  the  inability  to  form  acid  from  lactose,  and 
•  the  inability  to  produce  gjw  from  any  carbohydrate  media. 
Biological  Considerations. — The  dysenterj'  bacilli  in  neutral  broth 
or  upon  agar  slants  may  remain  alive  without  transplantation  for 
,  perio<ls  of  several  months.  They  are  aerobes  and  facultative  anaerol)es 
B  when  propi>r  sugars  arc  present,  preferring,  however,  the  aerobic  environ- 
ment. They  are  eiusily  destroyed  by  heat,  an  exposure  to  60°  C.  killing 
them  usuallj'  in  a  short  time  (ten  mivmtes).  .Against  cold  they  show 
considerable  iTssistance,  surviving  freezing  for  a  period  of  several  weeks. 
They  show  little  resistance  to  the  usual  strengths  of  the  common  chem- 
ical disinfectants. 

Pathogenicity. — There  is  practically  no  doubt  at  the  present  time  as  to 
the  etiological  connection  between  the  bacilli  of  this  group  anil  the  dis- 
LCases  clinically  classified  as  acute  dysentery.     .\  more  chronic  fomi  of 
20 
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dysentery  due  to  a  protozoan,  the  Amoeba  coli,  though  presenting  much 
clinical  resemblance  to  the  bacillary  dysenteries  is,  nevertheless,  an 
entirely  dLstiiu-t  diseas*-. 

Infectbii  takts  place,  probably,  entirely  by  ingestion  of  the  bacteria 
with  infected  water  or  food  contaminated  from  the  feces  of  dysenU'rv 
patients.  A  small  cpidoniic  occurring  in  a  hospital  in  New  York  City 
and  caused  by  the  bacillus  '■  Y "  of  HLss  and  Russell  was  indii-ectlv 
traced  to  milk  by  Zinsser.' 

Endemic  in  a  large  part  of  the  world,  especially  in  the  warmer 
climates,  the  dLsea.se  most  frequently  occurs  in  epiilcmics  of  more  or 
leas  definite  localization,  usually  under  conditions  which  accompany 
the  massing  of  a  larp-  number  of  human  beings  in  one  place,  such  as 
those  which  occur  in  llie  crowded  quarters  of  unsanitary  towms,  in  insti- 
tutions such  as  insane  asylums,  or  in  militarj-  camps.  The  mortality  of 
such  epidemics  may  be  verj-  large,  .\ccording  to  Shiga,'  the  disease  m 
Japan  frequently  shows  a  mortality  of  over  twenty  per  cent. 

The  disease  in  human  beings  usually  begins  as  an  acute  gastro- 
ent<>ritis  which  is  accompanietl  by  abtlominal  pain  and  diarrhea.  As 
it  becomes  more  severe,  the  colicky  pains  and  diarrhea  increase,  the 
stools  lose  their  fecal  character,  becoming  small  in  quantity  and  filled 
with  mucus  and  flakes  of  blood.  There  is  often  severe  tenesmus  at 
this  stage,  and  the  biictlli  are  prcsctnt  in  large  numl>t>rs  in  the  dejecta. 
Owing  to  the  absorption  of  toxic  products,  symptoms  referable  to  the 
nervous  system,  such  as  mu.scuhir  twitching,  may  supervene,  and  if  the 
disease  is  at  all  prolonged,  there;  are  marked  insuiition  and  prostration. 

.\t  autops}'  in  early  stages  there  may  be  found  only  a  severe  catar- 
rhal inflammation  of  the  mucous  membrane  of  the  large  intestine.  In 
the  later  stages  there  arc  extensive  ulcerations,  and  the  bacteria  arc 
histologically  found  lodged  within  the  depths  of  the  mucosa  and  sub- 
mucosa.  Occasiunally  tliey  ma.\'  penetrate  to  the  mesenteric  glands,  but 
as  far  as  we  know  there  i.s  no  penetration  into  the  general  circulation. 

Poisonous  Products  of  the  Dysentery  Bacilli. — The  separate  types  of 
dyscntt'r>'  bacilli  vary  exceedingly  in  their  powers  to  pro  luce  toxic 
substances.  Of  all  the  various  tvpes  which  have  l)een  described,  the 
strongest  poisons  have  been  producetl  with  bacilli  of  the  Shiga-Kruse 
variety.  less  regidarly  active  ones  with  bacilli  of  the  Flexner  and  of  the 
"  Y"  type.  In  fm-t,  investigations  carried  out  with  the  Shiga  bacillus 
haVe  tended  to  show  that  the  disease  itself  is  probably  a  true  toxemia, 


'Zinuer.  Proc.  N.  Y.  Path.  Soc.,  1007.    '  Shiga,  Cent.  f.  Bakt.,  xxiii,  1808. 
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symptoms  being  referable  almost  entirely  to  the  absorption  of  the 
jisouous  products  of  the  bacillus  from  the  intestine. 

earliest  investigations,  carried  on  chicHy  upon  rabbits,  which 
lore  susc-ptible  to  this  poison  than  any  other  animals,  showed  that 
k'en  small  doses  of  cultures  of  this  bacillus  administered  intravenously 
)r  subcutaneously  would  produce  death  within  a  very  short,  time. 
Donnuli,'  Vaillard'  and  Doptcr,  and  others,  finding  that  toxic  sjTiiptoms 
I'ere  almost,  as  pronounced  when  dead  cultures  were  given  as  when  the 
,  living  bacilli  were  administered,  came  to  the  conciu.nion  that  the  poisons 
[of  thLs  bacillus  were  chiefly  of  the  endotoxin  type.  More  recently  Todd,' 
Kraus,'  and  Rosenthal  •"'  have  claimetl  independently  that  they  were 
able  to  demonstrate  strong  soluble  toxins,  similar  in  every  way  to  diph- 
theria toxin.  Kraus  and  Doerr,"  morefiver,  claim  to  have  further  cor- 
roborated thLs  by  producing  specific  antitoxins  with  these  substances. 

It  is  easy  to  obtain  poisonous' substances  from  dysenttjrj-  cultures 
Pin   considerable   strength,  both   bj'  extracting  the  bacilli   themselves 
and  by  filtration  of  properly  prepared  cultuirs.     It  is  Iherefore  not 
unlikely    that    both   types   of    poison    are   produced    by  the   bacilli. 
JNeisser  and  Shiga'  obtained  toxins  by  emulsifying  agar  cultures  in 
ketorile  salt  aolution,  killing  the  bacilli  at  60°  C,  anil  allowing  them  to 
[extract  at  37.5°  C.  for  three  days  or  more.    The  filtrates  from  such  emul- 
ffiions  were  extremely  toxic.     The  simplest  method  of  obtaining  poisons 
[  from  t he.s<;  bacilli  is  to  cultivate  them  for  a  week  or  longer  upon  moder- 
ately alkaline  meat-mfusion  broth.     At  the  end  of  this  time,  the  micro- 
[  organisms  themselves  may  be  killed  by  heating  to  60°  and  the  cultures 
filU^-red.     According  to  Uoerr,"  the  toxins  may  be  obtained  in  the  dry 
State  by  precipitation  with  ammonium  sulphate  and  re-solution  of  the 
prec'ipitate  in  wat^r. 

The  action  of  the  dysenterj'  toxin  upon  animals  is  extremely 
characteristic  and  throws  much  light  upon  the  disease  in  man.  The 
injection  of  a  large  dose  intravenously  into  rabbits  cau.se8  a  rapid 
fall  in  temperature,  marked  respiratory  endjarrassment,  and  a  violent 


■  Conraili.  Dcut.  mcl.  Woch.,  1903. 

'  Vaillaril  et  DojtUr,  .\nn.  (if  i'inst.  Pasteur,  1003. 

»  ToHtl.  Brit.  Med.  Jour.,  Dec,  1903,  and  Jour,  of  Hyg.,  4,  1904. 

'Krnun,  Monatschr.  f.  GeHumihi'it,  Suppl.  II,  1904. 

•  Ronevthnl.  Dcut.  med.  Woch.,    1904. 

•  Kraus  und  Doerr,  Wien.  kiin.  Wocli..  xlii.  1905. 
»  Neinser  and  Shiga,  Dent.  nieJ.  Woch.,  UK)3. 

•  Doerr,  "  Das  Dyscut«rietoxin,"  Jena,  1907. 
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diaiThea.  This  is  at  first  watery,  later  contains  large  amounts  of  blood. 
If  the  animals  live  a  sufficient  length  of  time,  paralysis  may  occur,  the 
animal  may  fall  to  one  side  or  may  drag  its  posterior  extrcnutics.  It  is 
a  remarkable  fact  that  intravenous  inoculation  gives  rise  to  intestinal 
itdlammation  of  a  solvere  nature,  unquestionably  due  to  the  excretion 
of  the  poison  by  the  intestinal  mucosa  and  limited,  usually,  to  the  ce- 
cum and  colon,  rarely  attacking  the  small  intestine.  Flcxner,'  who  huts 
experimented  extensively  upon  this  question,  believes  it  probable  that 
most  of  the  pathological  lesions  occurring  in  the  intestinal  canal  of  dysen- 
tery patients  are  referable  to  this  excretion  of  dysentery  toxin,  rather 
than  to  the  direct  local  action  of  the  bacilli. 

Toxins  from  the  Shiga-Kruse  tj'pc  are  the  most  potent  and  those 
which  cause  paralysis. 

Immunization  with  Dysentery  Bacilli. — The  immunization  of  small 
animals,  such  as  rabbits  and  guinea-pigs,  against  dysenterj-  bacilli, 
especially  those  of  the  Shiga  type,  is  atttmdcd  with  much  difficulty, 
owing  to  the  great  toxicity  of  the  cultures.  Nevertheless,  successful 
results  may  be  accomplished  by  the  administration  of  extremely  small 
doses  of  living  or  dead  ba<-illi,  increiusod  very  gradually  and  at  sufficient 
intervals.  Horses  may  be  more  easily  immunized.  The  serum  of  such 
actively  immunized  animals  contains  agglutinins  in  considerable  con- 
centration and  of  a  specificity  sufficiently  illustrated  in  the  preceding 
section  dealing  with  the  identification  of  the  various  species.  For 
diagnostic  purposes  in  human  beings,  the  agglutinatiori  reaction,  accord- 
ing to  the  techni(iue  of  the  Widal  reaclion  for  typhoid  fever,  has  been 
utilized  by  Kru.se '  antl  others.  Acconling  to  mo.st  observers,  normal 
^uman  serum  never  agglutinates  dysentery  bacilli  in  dilutions  greater 
than  one  in  twenty,  while  the  scrum  of  dysenterj'  patients  will  often  be 
active  in  dilutions  as  high  as  one  in  fifty. 

Bactericidal  substances  have  lieen  demonstratA'd  in  the  senmi  of  im- 
munized animals  as  well  as  in  the  serum  of  diseasi'd  human  beings. 
These  have  been  determined,  in  vUro,  by  Shiga,'  and  by  the  intraperito- 
neal technique  of  PfeifTer  by  Kruse.'  Bacteriolysis  nuiy  take  place  in 
high  dilutions  of  the  serum,  and  has  recently  been  used  for  the  differen- 
tiation of  the  types  of  the  dysentery  bacilli  by  Ohno.' 

True  antitoxins  in  immime  sera  have  been  recently  described  by 
Ivraus  and  Doerr.* 


I 

I 


•  FUxner,  Jour.  Exp.  Med.,  8,  1900. 

*  Shiga,  Zeit.  f.  Hyg.,  xli. 

»  Ohno,  Philippine  Jour,  of  8ci.,  vol.  i,  1U06. 


>  Krut^  Deut.  med.  Woch..  1901. 
«  A'ru«e,  Dcut.  ine<i.  Woch.,  1903, 
•  Kraut  und  Door,  loc.  cil. 
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Passive  immunization  of  animals  and  human  beings  with  the  serum 
of  highly  immunized  horses  has  been  variously  attempted  by  Shiga,' 
Kraus,*  Gay,'  and  others.  All  these  observers  have  reported  distinct 
benefit  to  the  patients  and  a  reduction  of  the  mortality  by  the  use  of 
such  sera.  Striking  and  rapid  reductions  of  temperature  and  rapid  con- 
valescence, after  a  single  injection,  have  occasionally  been  observed. 
The  earlier  workers  were  inclined  to  attribute  the  beneficial  results  of 
these  sera  entirely  to  their  bactericidal  value. 

Todd  has  recently  demonstrated  that  the  mixture  of  such  an  immune 
serum  with  solutions  of  toxin  and  exposure  of  the  mixture  at  37.5°  C. 
for  a  half  hour  would  produce  almost  complete  neutralization  of  the 
poison,  thus  demonstrating  that  at  least  a  large  part  of  the  beneficial 
action  of  the  immune  sera  was  due  to  a  true  antitoxic  process.  Be- 
cause of  the  different  varieties  of  dysentery  bacilli,  polyvalent  serum  has 
been  recommended.  Prophylactic  vaccination  of  human  begins  with 
dead  dysentery  cultures  has,  so  far,  led  to  no  practical  result. 

Shiga,  Deut.  mcd.  Woch.,  1901.  >  Kraits,  loc.  cit. 

>  Gay,  Peim.  Med.  Bull.,  1902. 
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BACILLUS    MUOOSUS    CAPSULATUS 

{Bacterium  pneumonia:,  FriedUinder's  bacillus,  PnewnobadUiM) 


In  1882,  Friedlander  '  announcod  thr  discovery  of  a  iiiitToorganiani 
which  he  beJicved  to  be  the  incitant  of  lobar  pneumonia  and  which,  in 
his  original  communications,  he  described  as  a  "  micrococcus." 

A  superficial  niorpholojiiical  resemblance  between  Friedlander's 
icroorganism  and  Diplococcus  lanccolatus,  now  recognized  as  the  most 
frequent  cause  of  lobar  pneumonia,  led,  at  firat,  to  much  confusion,  antl 
it  was  not  until  several  yeare  later,  owing  to  the  careful  researches  of 
Fninkel '  and  of  Weichselbaum,'  that  the  "micrococcus"  of  Fricdlander 
was  recognized  aa  a  short,  encapsulated  bacillus  which  occurred  in 
lobar  pneumonia  exceptionally  oidy.  Similar  bacilli  were  subsequently 
found  by  other  observers,  bacilli  which,  mainly  upon  morphological 
grounds,  are  classified  together  as  the  "Fricdlander  group,"  or  the 
^' group  of  Bacillus  mucosus  capsulatus." 

Morphology  and  Staiiuiig. — The  Fricdliinder  bacillus  is  a  short,  plump 
bacillus  with  rounded  ends,  subject  to  great  individual  variations  aa  to 
size.  Its  average  measurements  are  from  0.')  to  1..^  niicra  in  width  an<l 
O.G  to  5  micra  in  length.  Forms  approaching  both  extremes  may  be  met 
with  in  one  and  the  same  culture.  The  short,  thick  forma,  frequently 
found  in  animal  and  human  lesions,  arc  almost  coccoid  and  account  for 
Fricdliinder'a  error  in  fii-st  describing  the  bacillus  as  a  micrococcus. 
The  bacilli  may  be  single,  in  diplo-fomi,  or  in  short  chains.  They  are 
non-motile  and  possess  no  flagella.    Spores  are  not  fonned. 

The  bacillus  is  characteristically  surrounded  by  a  well-tleveloped 
capsule  which  is  most  perfectly  demonstrated  in  preparations  taken 
directly  from  some  animal  fluid,  .'iuch  as  the  secretion  or  exudate 
from  infected  areas.    It  is  also  seen,  however,  in  smears  made  from  agar 


>  FriedUinder,  Virchow's  Arch.,   Ixxxvii,    1882;   Fort.   d.  Med.,  i,  1883;   ibid, 
1884. 

'  Fr<)nkr),  Zeit.  f.  kliii.  Mod.,  x,  1880. 
•  WeichaeOauni,  Me<i.  Jalirli.,  Wien,  1886. 
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or  gelatin  cultures.  The  capsule  is  usually  large,  twice  or  three  times 
the  size  of  the  bacillus  itself.  When  seen  in  chains  or  in  groups,  several 
bacilli  may  appear  to  be  inclo.scd  in  one  cap.sulo.  Prolonged  cultivation 
on  agar  or  gelatin  may  result  in  tlisappearance  of  tlie  capsule.  The  bacil- 
lus is  easily  stained  with  the  ordinary  dyes,  but  is  decolorize<l  when 
stained  by  the  G ram-method.  Capsules  may  often  be  seen  when  the 
more  inlniso  anilin  dyes  arc  employed.  They  are  brought  out  with  much 
regularity  by  any  of  the  usual  capsule  stains. 

Cultivation. — B.  mucosus  capsulatus  is  easily  cultivat-ed.    It  grows 
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Flo.  94. — Bacillus  utcoaus  camulatoh 

readily  on  all  the  usual  culture  media,  both  on  those  having  a  meat- 
infusion  basis  and  on  those  made  with  meat  extract.  Growth  takes 
place  at  room  temperature  (18°  to  20°)  and  more  rapidly  at  37.5°  C.  A 
temperature  of  60°  C.  and  over  kills  the  bacilli  in  a  short  time.  The  ther- 
mal death-point  according  to  Sternberg  is  56°  C.  Growth  ceases  below 
10°  to  12°  C.  Kept  at  room  temperature  and  protected  from  drying, 
the  bacillus  may  remain  alive,  in  cultures,  for  several  months. 

The  bacillus  is  not  very  fastidious  as  to  reaction  of  me<lia,  growing 
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oqually  well  on  moderately  alkaline  or  acid  media.  It  is  aerobic  and 
farultatively  anaerobic;  growth  under  anaerobic  conditions,  however, 
is  not  luxuriant. 

On  agar,  growth  appears  in  the  form  of  grayish-white  mucus-like 
colonies,  having  a  characteristically  slimy  and  sonii-Jluid  appearance. 
Colonics  have  a  tendency  to  confluence,  so  that  on  plates,  after  three  or 
four  days,  a  large  part  of  the  t-urface  appeai-s  as  if  covered  with  a  film  of 
glistening,  sticky  exudate,  which,  if  fi.shcd,  comes  olT  in  a  teuaiiuus, 
stringy  manner.  It  is  often  possible  to  make  a  tentative  diagnosis  of 
the  bacillus  from  the  appearance  of  this  growth. 

In  brutli,  there  is  rapid  anil  aliundant  growth,  with  the  formation 
of  a  pellicle,  general  clouding,  and  later  the  development  of  a  profuse, 
stringy  sediment. 

Stab  cultures  in  gtlatin  show,  at  first,  a  white,  thin  line  of  growth 
along  the  course  of  the  puncture.  Soon,  however,  rapid  growth  at 
the  top  results  in  the  formation  of  a  gruyi.sh  mucoid  droplet  on  the 
surface,  which,  enlarging,  gives  the  growth  a  niiil-like  apj>earance.  This 
nail-shape  was  originally  described  by  Fricdlaniler  and  regarded  as  diag- 
nostic for  the  bacillus.  The  gelatin  i.s  not  fluidified.  .\s  the  cult  ore  grows 
older  the  entire  surface  of  the  gelatin  tube  may  be  covured  whh  growth, 
(lowing  out  from  the  edges  of  the  nail-head.  The  gelatin  acquires  a  darker 
color  and  there  may  be  a  few  gas  bubbles  beluw  the  surface.  Micro- 
scopically, colonies  on  gelatin  plates  have  a  smooth  outline  and  a  finely 
granular  or  even  homogeneous  consistency. 

On  blood  serutii,  a  confluent  mucus-like  growth  appears. 

On  poluto,  abimdant  gruwtli  appears,  slightly  more  brownish  in  color 
than  that  on  other  media. 

In  peptoti  mill ut Ion ti,  there  Ls  no  indol  formation. 

In  milk,  there  Ls  abuntlant  growth  and  marked  capsule  develop- 
ment.    Coagulation  occurs  irregular)}'. 

In  considei'ing  the  general  cultural  characteristi<'s  of  the  Fried- 
liinder  bacillus,  it  must  not  be  furgotton  that  we  are  dealing  with  a 
rather  heterogeneous  group,  the  indiviiluals  of  which  are  subject  to 
many  minor  variations.  Capsule  development,  lack  of  motility,  in- 
ability to  fluidify  gelatin,  fjiihu-e  tu  form  iuilol,  luid  alis(>nce  of  spores,  are 
characteristics  common  to  idl.  In  si^-e,  general  appearance,  gas  forma- 
tion, and  pathogenicity,  individual  .strjiins  may  van,'  much,  one  from 
the  other.     Strong  '  has  studied  various  races  as  to  gas  formation  and 

'  Strong,  Cent.  f.  Dakt. ,  .xxv,  1899. 
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concludes  that  most  strains  form  gas  from  dextrose  and  leviiloee,  but 
that  lactose  is  fermented  by  some  only.  About  two-thirds  of  the  gas 
formed  is  hydrogen,  the  rest  CO...  Acid  formation,  according  to  Strong, 
is  also  subject  to  much  variation  among  different  races.  Similar  studies 
by  Perkiis'  sliow  that  nutct  of  theordinarj'  cultural  characteristics  of 
bacilli  of  this  group  are  extremely  variable  and  can  not  serve  as  a  basis 
for  differentiation.  Reactions  on  sugars,  however,  are  more  constant. 
Perkins  suggests  the  following  tentative  division  classes  on  this  basis: 

I.  All  carbohydrates  fermented  with  the  formation  of  gas. 

II.  All  carbohydrates,  except  lactose,  fermented  with  the  formation 
of  gas. 

III.  All  carbohydrates,  except  saccharose,  fermented  with  the 
formation  of  gas. 

Type  I.  corresponds  to  B.  aerogenes  (Migula),  Type  II.  to  B. 
Friedliinder  or  Bacterium  pneumonise  (Migula),  and  Type  III.  to 
Bacillus  lactis  aerogenes. 

Differentiation  by  means  of  serum  reactions  has  not  proved  satis- 
factory.* 

Pathogenicity. — When  Friedliinder  first  descriljed  this  microorganism, 
he  assumed  it  to  be  the  incitant  of  lobar  pneumonia.  Subsequent  re- 
searches by  Weichselbaum  '  and  others  have  shown  it  to  be  etiologicaily 
associated  with  pneumonia  in  about  seven  or  eight  per  cent  of  all  cases. 
The  percentage  in  this  countr>'  is  probably  lower.  Such  cases  can  often 
be  diagnosed  by  the  presence  of  the  bacilli  in  the  sputum,  which  is  pecul- 
iarly sticky  and  stringy.  Cases  of  Friedliinder  ]  neunionia  are  extremely 
severe  and  usually  fatal.  The  bacillus  has  been  found  in  cases  of  ulcer- 
ative stomatitis  and  n;us!vl  catarrh;  in  two  cases  of  severe  tonsillitis 
in  children;  in  the  pus  from  suppurations  in  the  antrum  of  Higlunore 
and  the  nasal  sinases  (Frankel  and  uthrrs),  and  in  cases  of  fetid  cory- 
za  (ozena),  of  which  disease  it  is  supposed  by  Abel  *  and  others  to 
be  the  specific  cause.    Whether  the  ozena  liacillus  represent*  a  separate 

'  Perkiwi,  Jour,  of  Infect.  Dis.,  I,  No.  2,  1904. 

'J.  G.  FitzRerald,  who  has  recently  mule  a  cjireful  study  of  the  mucomia  cap- 
8uUtu8  (troup  has  conduilcd  that  present  mctho<li<  do  not  permit  a  gubdivision  ol 
these  organiama  into  separate  species.  He  offers  the  following  "  trntalive  MUggmtion": 
It  is  conceivable  that  mutations  based  on  the  necessity  of  maintaining  a  poTBidtie 
existence  have  caused  Gram-negative  bacilli  found  nonnoUy  in  the  bo<ly  elsewhere 
than  in  the  intestinal  tract  to  develop  cafwules  for  protection  and  a  new  group  has 
arisen  which  we  designate  B.  mucosus  capsulatus;  and  the  varieties  B.  adrogenea 
and  B.  addi  lactici  connect  the  group  with  the  non-encaiwulated  colon  group." 

'  Weichtelbaum,  loc.  cit.  *  AM,  Zcit.  f.  Hyg.,  xxi, 
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Bpecies  or  not,  can  not  at  present  be  decided.  The  bacillus  of  Fried- 
lander  has  been  found  in  empyema  fluid,  in  pericardial  exudate  (after 
pneumonia),  and  in  spinal  fluid.'  Isolated  cases  of  Friediander  bacillus 
septicemia  have  been  described.'  Being  occasionally  a  saprophytic 
inhabitant  of  the  normal  intestine,  it  has  been  believed  to  be  etiologic- 
ally  associated  with  some  forms  of  diarrheal  enteritis. 

B.  mucosus  capsulatus  is  pathogenic  for  mice  and  guinea-pigs,  less  so 
for  rabbits.  Inoculation  of  susceptible  animals  is  followed  by  local  in- 
flammation and  death  by  septicemia.  If  inoculation  is  intraperitoneal, 
there  is  formed  a  characteristically  mucoid,  stringy  exudate. 

The  question  of  immunization  again-st  bacilli  of  the  Friediander 
group  is  still  in  the  stage  of  experimentation.  Immunization  with  care- 
fully graded  doses  of  dead  bacilli  has  been  successful  in  isolated  cases. 
Specific  agglutinins  in  immune  serum  have  been  found  by  Clairmont,' 
but  irregularly  and  potent  only  against  the  particular  strain  used  for 
the  immunization. 

OTHER    BACILLI    OF    THE    FRIEDLANDER    OROUP 

Bacillus  of  Rhinoscleroma. — ^This  bacillus,  discovered  by  v.  Frisch  * 
in  1882,  is  a  plump,  short  rod,  with  rounded  ends,  morphologically 
almost  identical  with  Friedlander's  bacillus;  it  is  non-motile  and  pos- 
eessea  a  distinct  capsule.  Although  at  first  described  as  Gram-positive, 
it  has  been  shown  to  be  decolorized  with  this  method  of  staining.  Cul- 
turally it  Ls  almost  identical  with  B.  mucosus  capsulatus.  It  forms 
slimy  colonies,  has  a  nail-like  appearance  in  gelatin  stab  cultures,  and  in 
pepton  solutions  produces  no  indol.  It  differs  from  B.  mucosus  cap- 
sulatus (Wilde ')  in  forming  no  gas  in  dextrose  bouillon,  in  producing 
no  acid  in  lactose  bouillon,  and  in  never  coagulating  milk. 

Pathogenicity. — ^The  bacillus  of  rhinoscleroma  is  but  moderately 
pathogenic  for  animals  delicately  susceptible  to  the  bacillus  of  Fried- 
lander.  Rhinoscleroma,  the  disease  produced  by  this  bacillus  in  man, 
consists  of  a  slowly  growing  granulomatous  infJanamation,  located  usu- 
ally at  the  external  nares  or  upon  tlie  mucosa  of  the  nose,  mouth, 
pharynx,  or  larynx.  It  is  composed  of  a  number  of  chronic,  hard, 
nodular  swellings,  which,  on  histological  examination,  show  granulation 
tissue  and  productive  inflammation.     In  the  meshes  of  the  abundant 

'  Jager,  Zeit.  f.  Hyg.,  xix.  '  Howard,  Johna  Ilopkina  Hosp.  Bull.,  1899. 

»  CUxirmotU,  Zeit.  f.  Hyg.,  xxxix.         <  i».  Frisch,  Wien.  med.  Woch.,  1882. 
»  WUde,  Cent.  f.  Bakt.,  xx,  1896. 
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connective  tissue  lie  many  large  swollen  cells,  the  so-called  "Mikulicz 
cells."  '  The  rhinoscleroma  bacilli  lie  within  these  cells  and  in  the 
intercellular  spaces.  They  can  be  deraon-stratwl  in  histological  sections 
and  can  be  cultivateil  from  the  lesions,  usually  in  pure  culture.  Itliino- 
scleroma  is  rare  in  America.  It  is  most  prevalent  in  Southojvstem 
Europe.  The  disease  is  slowly  progressive  and  comparatively  intract- 
able to  surgical  treatment, 
but  hardly  ever  affects 
the  general  health  unless 
by  mechanical  obstruction 
of  the  air  passages. 

B.  Ozaense. — The  work 
of  Abel  -  and  others  has 
shf)wn  that  ozena,  or  fetitl 
nasal  catarrh,  is  almost  al- 
waj's  associated  with  a 
bacillus  nu>rph(ilogically 
and  cMlturally  almost  iden- 
tical with  B.  mucosus 
capsulatus.  The  bacillus 
can  not  be  definitely  sepa- 
rat<"d  from  the  latter.  Ac- 
cording to  Wilde '  it  forms 
no  gas  in  dextrose  lx)uillon 
and  is  less  pathogenic  for 
mice  than  B.  Friedlander. 
Wliether  it  is  a  separate 
species,  or  merely  an  atj-pical  form  changed  by  environment,  can  not 
be  stated  at  present. 

Perez  Bacillus  of  Ozsena-^Pcrez  ^  in  1899  described  another  micro- 
organism which  he  cdimects  etiologically  with  ozicna.  The  Perez  V)acillus 
isrirani-ncgalive.pteutnoriihic,  non-niutilcandnun-capsulatetl.  It  grows 
easily  on  ordinar>'  media,  does  not  liquefy  gelatin,  and  makes  indol.  Its 
cultures  have  a  cliamcteristie  fetid  odor.  Intravenously  injected  into 
rabbits  it  seems  to  produce  a  loealizeil  lesion  in  the  na.sal  cavity  on  the 
turbinated  bones.  Hofer'  has  also  iaolatetl  it,  but  recent  work  leaves 
its  importance  as  the  causative  agent  in  doubt. 

'  MihUin.  .\rch.  f.  Chir.,  xx,  1876.       »  AM,  Zeit.  f.  Hyg.,  xxi.       »  WiUe,  loc.  cit. 

*  Perez,  .\niinttl  de  I'lnst.  Past.  1899. 

*Hofer,  Wien.  klin.  Woch.,  vol.  26,  pp.  1011  and  1628. 


Fio.  O.l. — n.\cit.Lr.s  OF  Riii.vosci,EnoM.\.  Sec- 
tion of  ti.ssup  showing  the  rnioroorgnniams 
within  Mikulicz  ccUb.  (After  Fr&nkel  and 
Heiffer.) 
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BACILLUS  LACTIS  AEROGENES 

Bacillus  lactis  iU'rogencs  is  tlie  type  of  ;i  group  which  is  closely 
[similar  to  the  colon  group  and  often  distinguishwl  from  it  wth  difficulty, 
jit  was  first  descril>cd  by  Eschericli '  in  1885  who  isolated  it  from  the 
|feet«  of  infants.    Since  then  it  has  been  learned  that  this  t)acillus  is  almost 
leonstantly  present  in  milk,  anri,  together  with  one  or  two  other  micro- 
forganisms,  is  the  chief  cause  of  t  he  ordinary  souring  of  milk.    Apart  from 
Jits  occurrence  in  milk,  moreover,  the  bacillas  is  witlely  distributed  in 
lature,  being  found  in  feces,  in  wat«r,  and  in  sewage.    It  is  distinguish- 
able from  the  colon  bacillus  chiefly  by  the  fact  that  it  is  less  motile, 
Ipoesesses  no  flagella,  hardly  ever  fonns  chains,  and,  when  cultivated  upon 
Csuitable  media,  especially  milk,  it  possesses  a  distinct  capsule.    It  differs 
[from  the  colon  bacillus,  furtherinori',  in  that  it  is  capable  of  fermenting 
'polysaccharid.s,  such  as  starch,  and  dws  not  fonn  indol  upon  pep- 
ton  media.     It  is  distinguishable  from  the  bacillus  of  Fricdiiinder  (B. 
nmcosus  capsulatus),  according  to  Wilde,-  by  its  more  energetic  gas 
formation  in  dextrose  broth,  its  ability  to  produce  aci<l  on  lactose  media, 
and  its  invariable  coagulation  of  milk.    Unlike  the  colon  bacilli,  it  does 
not  form  gas  on  Dulcit.'    It  differs  from  the  other  important  non-dulcit 
fermentation,  the  bacillus  acidi  hictici,  in  fermenting  saccharose.    Ten- 
tative differentiations  of  these  bacilh  may  be  made  as  follows: 


D«tro«*. 

Lactose. 

Saothsroao. 

DuJcit. 

B.  coli  communis 

B.  coli  communior 

+ 
+ 
+ 

+ 

+ 
+ 

+ 
+ 

+ 

+ 

B.  lact.  adro^nea 

B.  lact.  acid) 

_ 

It  grows  upon  the  simplest  media,  is  a  facultative  anaerobe,  and 
grows  most  abundantly  at  a  temperature  between  25°  and  30°  C. 

Upon  agar  and  gelatin  it  grows  with  a  heavy  white  growth,  the 
colonies  of  which  have  a  tendency  to  confluence  and  are  more  mucoid 
in  appearance  than  are  those  of  Bacilhis  coli. 

In  broth,  it  caases  a  general  clouding  and  a  pellicle.  The  cultures 
have  a  shghtly  sour  or  cheesy  odor. 

On  potato,  the  growth  is  heavy  and  gas  is  formed. 

On  milk,  there  is  rapid  co.agulation  .and  acid  formation.  It  is  charac- 
teristic of  this  bacillus  tliat  it  is  capable  of  producing  a  large  amount  of 
acid,  chiefly  lactic,  and  of  being  able  to  with-stand  these  large  amounts 
of  acid  without  being  injured  by  them. 

« Etcherich,  Fort.  d.  Med.,  16, 17,  1885.    »  Wilde,  Cent,  f .  Bakt.,  xs,  1896.    » JackMn, 
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The  pathogenicity  of  Bacilhia  lactis  aerogcnes  for  man  is  slight. 
Its  chief  clnuns  to  import  unco  lie  in  its  milk-coagulating  properties 
and  it*i  almost  constant  presence  in  the  hunum  intestine.  In  infants,  it 
may  give  rise  to  flatulence  and  it  has  been  occasionally  observed  as  the 
sole  iiicitant  of  cystitis.  .'Vinong  such  cases  rare  instances  have  been 
observed  in  which  it  has  formed  gas  in  the  bladder  (pncmnaturiA). 
When  this  occurs  the  urine  is  not  ammoniacal  but  remains  acid. 

Different  strains  of  this  bacillus  vary  much  in  their  pathogenicity 
for  animals.  Wilde  claims  that  it  is  more  pathogenic  for  white  mice  and 
gionea-pigs  than  is  the  bacillus  of  Friedlander.  He  speaks  of  it  as  the 
most  virulent  meml>er  of  this  group.  Kraus,  writing  in  Fluegge's 
"Mikroorganismen,"  rates  its  pathogenicity  less  high. 

Closely  relatetl  to  this  bacilliL><,  as  well  as  to  those  of  the  Friedlander 
group,  is  an  encapsulated  bacillus  isolated  from  a  case  of  broncho- 
pneumonia by  Mallorj'  and  Wright,'  which  is  strongly  pathogenic  for 
mice,  guinea-pigs,  and  rabbits. 

BACILLI  OF  THE  PROTEUS  GROUP 

The  bacilli  of  this  group  have  little  pathological  interest,  but  are  im- 
portant l>ccause  of  the  frequency  with  which  they  are  encoimtered  in 
routine  bacteriological  work.  They  may  confuse  the  inexperienced 
because  of  a  superficial  similarity  to  bacilli  of  the  colon-typhoid  group. 
In  form  they  may  lx»  short  and  plump  or  long  and  slender,  staining  easily 
with  anilin  dyes  and  dec-oiorizing  with  (Iram's  method.  They  are  ac- 
tively motile  and  possess  many  flagella.  Individuals  stain  irregularly, 
often  showing  unstained  areas  near  the  center.  The  so-called  Bacillus 
proteus  vulgaris  descrilxnl  by  Hauser '  in  1885  is  the  tjTJe  of  the  group. 

Bacilli  of  this  group  are  widely  distributed,  being  found  in  water, 
soil,  air,  and  wherever  putrefaction  takes  place.  In  fact,  proteus  is  one 
of  the  true  putrefactive  bacteria  possessing  the  power  to  cause  the  cleav- 
age of  proteids  into  their  simplest  radicles. 

BaciUus  proteus  vulgaris  g^o^vs  best  at  temperatures  at  or  about 
25°  C.  and  develops  upon  the  simplest  media.  It  is  a  facultative  anae- 
robe and  forms  no  spores.  In  broth,  it  pnxiuces  rapid  clouding  with  a 
pelUcle  and  the  formation  of  a  mucoid  sediment.  In  gelatin,  the  colonies 
are  characteristically  irregular,  giving  the  name  to  this  group. 

Gelatin  is  rapidly  liquefied.  Liquefaction,  however,  is  diminished 
or  even  inhibited  under  anaerobic  conditions. 

'  Mallnry  and  Wright,  Zeit.  f.  Hvr.,  xtc,  189.5. 
'  H outer ,  "Ueber  F&uhii8»-Bakt.,"  Leipzig,  1885. 
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On  agar  and  other  solid  media,  as  well  as  upon  gelatin  before  lique- 
faction has  t«ken  place,  efiaracteristic  calouies  are  produced.  From 
the  central  flat,  grayish-white  colony  nucleus,  numerous  irregular 
I  streamers  grow  out  over  the  surrounding  media,  giving  the  colony  a 
stellate  appearance.  On  potato,  it  forms  a  dirty,  yellowish  growth. 
In  milk,  there  is  coagulation  and  an  acid  reaction  at  first;  later  the 
casein  is  redissolved  by  proteolysis.  Blood  serum  is  often  liquefied, 
but  not  by  all  races. 

A  great  many  really  dissimilar  bacteria  have  been  described  under 
the  name  of  Proteus.  The  type  of  the  group  is  the  so-called  Proteus 
vulgaris  (Hauser,  1885).  Other  organisms  spoken  of  as  proteiis  are 
the  Proteus  mirabUis,  which  differs  in  slower  gelatin  liquefication 
from  vulgaris,  the  Proteus  Zenkeri,  which  does  not  licjuefy  gelatin, 
the  Proteus  septicus,  and  the  Baciilus  Zopfi,  a  Gram-positive  organ- 
ism. A  good  many  of  these  were  formerly  classified  as  of  Bacterium 
iermo.  Closely  related  is  the  slow  liquefying  organism  known  as 
Bacillus  cloaccF,  common  in  sewage. 

There  is  no  group  which  so  urgently  requires  study  as  this,  since 
organisms  belonging  here  are  so  often  found  in  the  human  body  and 
human  excreta.  In  urine  we  have  encountered  a  non-gelatin  lit|uefy- 
ing  Gram-negative  bacillus  belonging  to  this  group  which  has  given 
us  much  trouble  in  identification.  As  far  as  we  can  establish  any 
general  characteristics  for  the  group  at  all,  we  may  say  that  they  are 
Gram-negative,  non-spore-bearing,  motile  bacilli,  which  on  the  surface 
of  gelatin  plates  show  colonies  characterized  by  spreading  streamers, 
most  of  which  liquefy  gelatin,  a  few  of  which,  however,  do  not.  All 
of  them  ferment  dextrose  and  saccharose  with  gas,  but  do  not  attack 
lactose. 

The  pathogenic  powers  of  proteus  are  slight.  Large  doses  injected 
into  animals  may  give  rise  to  localized  abscesses.  In  man  proteus  in- 
fections have  been  described  in  the  bladder,  in  most  cases,  however, 
together  with  some  other  microorganism.  The  Urobacillus  lique- 
faciens  septicus  described  by  Krogius  was  a  variety  of  this  group. 
Epidemics '  of  meat  poisoning  have  been  attributed  to  the  proteus 
family  by  some  observers.  Thus  "Weseuberg  -  cultivated  a  proteus 
from  putrid  meat  which  had  caused  acute  gastroenteritis  in  sixty- 
three  individuals.  Similar  epidemics  have  been  reported  by  Silber- 
schmidt, '  Pfuhl,  *  and  others. 


>  Sehnitdtr,  Cent.  f.  Bakt.,  viii,  1890. 

>  Sitbenchnidl,  Zeit.  f .  Hyg.,  xxx,  1899. 


'  WeJtertherg,  Zpjt.  f.  Hyg.,  xxviii,  1898. 
« PJuhl,  Zeit.  f.  Hyg.,  watv,  190O. 
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Lockjaw  or  tetanus,  though  a  comparatively  infrequent  disease, 
has  been  recognized  as  a  distinct  clinical  entity  for  many  centuries. 
The  infectious  nature  of  the  disease,  howevnr,  was  not  demonstrated 
until  1JSS4,  when  Carlo  '  and  Ilattone  succeeded  in  producing  tetanus  in 
rabbits  by  the  inoculation  of  pus  from  the  cutaneous  lesion  of  a  human 
case.  Nicoliiier,'  not  long  after,  succeeded  in  protlucing  tetanic  symp- 
toms in  mice  and  rabbits  by  inoculating  them  with  soil.  In  connec- 
tion with  the  lesions  produced  at  the  point  of  inoculation,  Nicolaier 
descrilwd  a  bacillus  which  may  have  been  Bacillus  tctani,  but  which  he 
was  unable  to  cultivate  in  pure  culture.  Ktaaato/  in  1889,  definitely 
solved  the  etiological  problem  by  obtaining  from  cases  of  tetanus  pure 
culturcH  of  bacilli  with  which  he  was  able  again  to  produce  the  disease 
in  animals. 

Kitasato  succeeded  where  others  had  failed  because  of  his  use  of 
anaerobic  methods  and  his  elimination  of  non-spore-bearing  con- 
taminating organisms  by  means  of  heat.  His  method  of  isolation 
was  as  follows:  The  material  containing  tetanus  bacilli  was  smeared 
upon  the  surface  of  agar  slants.  Those  were  pennitted  to  develop  at 
incubator  temperature  for  twenty-four  to  forty-eight  hours.  At  the  end 
of  this  time  the  cultures  were  subjected  to  a  temperature  of  80°  C.  for 
one  hour.  The  purpose  of  this  was  to  destroy  all  non-sporulating 
bacteria,  as  well  us  aerobic  spore-bearers  which  had  developed  into 
the  vegetative  fomi.  Agar  plates  were  then  inoculated  from  the  slants 
and  exposed  to  an  atmosphere  from  which  oxj'gen  had  been  com- 
pletely eliminated  and  liydrogcn  substituted.  On  these  plates  colonies 
of  tetanus  bacilli  develoijcd. 

Morphology  and  Staining. — The  bacillas  of  tetanus  is  a  slender  bacil- 
lus, 2  to  5  micra  in  length,  and  0.3  to  0.8  in  breadth.  The  vegetative 
forma  which  occur  chiefl\'  in  young  cultures  are  slightly  motile  and  are 

■  Carh  e  Rattcne,  Giomale  d.  R.  Acad.  d.  Torino,  1884. 

*  Nicolaier,  Tnaug.  Diss.,  Oottingen,  1885. 

•  KiUiMito,  Dfut.  med.  Woch.,  No.  xxxi,  1889. 
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seen  to  possess '  numerous  peritrichal  flagelhv,  when  stained  by  special 
methods.  After  twenty-four  to  fortyn^^ight  hours  of  incubation,  the 
length  of  time  depending  somewhat  on  the  nature  of  tho  medium  and 
the  degree  of  anaerobiosis,  the  bacilli  develop  spoivs  which  are  char- 
acteristically located  at  one  end,  giv-ing"the  bacterium  the  diagnostic 
dnimstiik  appearance. 

As  the  cultures  grow  older  the  sp<jrc-beuriug  forms  completely  super 
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1  lu.  yo. — Bacillus  tetani.    Spore  stuin. 

eede  the  vegetative  ones.  Very  old  cultures  contain  spore-bearing  bacilli 
and  spores  only. 

The  tetanu.i  bacillus  is  easily  stained  by  the  u.sual  anilin  dyoa,  and 
reacts  jxisitively  to  Ciram's  stain.  Flagella  staining  is  sucee.s.sful  only 
when  very  young  cultures  are  employed. 

Distribution. — In  nature,  the  tetanus  bacillus  has  been  found  by 
Nicoluior  and  others  to  occur  in  the  supeificial  layers  of  the  soil.    The 

>  Votlaler,  Zeit.  f.  Hyg,,  i:rvii. 
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earth  of  cultivated  and  mauurcd  fields  seems  to  harbor  tftis  organism 
with  especial  frequency,  probably  because  o/  its  presence  in  the  dejecta 
of  some  of  the  domestic  animaLs. 

Biological  Characteristics. — The  bacillus  of  tetanus  is  generally  de- 
Bcribed  a.s  an  obligatory  anaerobe.  While  it  is  unquestionably  true 
that  growth  is  ordinarily  obtained  only  in  the  complete  absence  of 
oxygen,  various  observers,  notably  Ferran  '  and 
Belfanti,'  have  successfully  habituated  the  bacillua 
to  aerobic  conditions  by  the  gradual  increase  of 
oxygen  in  cultures.  Habituation  to  aerobic  condi- 
tion.s  lias  usually  been  accompanied  by  diminution 
or  loss  of  pathogenicity  and  toxin-formation. 
Anaerobic  conditions  may  likewise  be  dispensed 
with  if  tetanus  bacilli  be  grown  in  symbiosis  with 
some  of  the  aerobic  Imcteria.  The  addition  to 
culture  media  of  suitable  carbohydrates,  and  of 
fresh  sterile  liver  tissue,  has  also  been  found  to 
render  it  less  exacting  as  to  absolute  anaerobiosis.' 

.\niu>robically  cultivated,  Bacillus  t-etani  grows 
readily  upon  nicat-infusion  broth,  which  it  rlouila 
williiii  twenty-four  to  thirty-six  hours.  Anaerobic 
broth  cultures  may  be  simply  made  b)'  covering  the 
surface  of  the  nicdiuin  with  a  layer  of  albolin  or 
any  other  oil,  and  removing  the  air  by  boiling. 

Upon  meat-infusion  gelalin  at  20°  to  22°  C.  the 
ti'tanus  bacillus  grows  readily,  growth  becoming 
visible  during  the  second  or  third  day.  There  is 
slow  fluidification  of  the  gelatin. 

On  agar,  at  37.0°  C,  growth  appears  within  forty- 
eight  hours.  Colonies  on  agar  plates  present  a  rather 
characteristic  a])pearance,  consisting  of  a  compact 
center  surrounded  by  a  loose  meshwork  of  fine  fila- 
ments, not  unlike  the  methi.sa-head  appearance  of  subtilis  colonies. 
In  agar  stabs,  fine  radiating  processes  growing  out  in  all  directions 
from  the  central  stab  tend  to  give  the  culture  the  appearance  of  a  fluff 
of  cotton.  Milk  is  a  favorable  culture  medium  and  is  not  coagulated. 
On  potato,  growth  is  delicate  and  hardly  visible. 

'  Ferran,  Cent.  f.  Bakt..  xxiv.  No.  1. 
'  Belfanti,  Arch,  per  le  sci.  med.,  xvi. 
»  r*.  Smith.  Brovm,  aad  Walker,  Jour.  Med.  Res.,  N.  S.,  ix,  1006. 


Tetanus  CuLTtiiE 
IN  Glucose  Aqar. 


The  most  favorable  temperature  for  the  growth  of  this  bacillus  ia 
37.5°  C.  Slight  alkalinity  or  neutrality  of  the  culture  merlia  is  most  ad- 
vantageous,  though  moderate  acidity  does  not  altogether  inhibit  growth. 
All  the  media  named  may  be  rendered  more  favorable  still  by  the  ad- 
ilition  of  one  or  two  per  cent  of  glucose,  malto.«e,  or  sodium  formate.' 
In  media  containing  certain  carbohyil rates,  tetanus  bacilli  produce  acid. 
In  gelatin  and  agar,  moderate  amounts  of  gas  arc 
pro<iuceil.  consisting  chiefly  of  COj,  but  with  the 
admixtures  of  other  volatile  substances  which  give 
rise  to  a  characteristically  unpleasant  odor,  not  unlike 
that  of  putrefj'ing  organic  matter.  This  odor  is  due 
largely  to  H,  S  and  methylmercaptan. 

The  vegetative  forms  of  th<'  tetanus  bacillus  arc 
not  more  resistant  against  heat  or  chemical  agents 
than  the  vegetative  forms  of  other  microorganisms. 
Tetanus  spores,  however,  will  resist  dry  heat  at 
S0°  C.  for  about  one  hour,  live  steam  for  about 
ive  minutes;  five  per  cent  carbolic  acid  kills  them 
in  twelve  to  fifteen  hours;  one  per  cent  of  hichlo- 
rid  of  mercury  in  two  or  three  hours.  Direct 
sunlight  diminishes  their  virulence  and  eventually 
destroys  them."  Protected  from  sunlight  and  other 
delcteriotis  iriHuenees,  tetumis  spores  may  remain 
viable  and  virulent  for  many  yeai-s.  Hcnrijean  * 
has  reported  her  success  in  proilucing  tetanus  with 
bacilli  from  a  splinter  of  wood  iiJected  eleven 
years  before: 

Pathogenicity. — The  comparative  itifreijuency  of 
tetanus  infection  is  in  marked  contrast  to  the  wide 
distribution  of  the  bacilli  in  nature.    Introduced  into 
the  animal  body  as  spore«,  and  fr(^e  from  toxin,  they 
may  often  fail  to  incite  disease,  eiwily  falling  prey  to 
phagocj'tosis  and  other  protective  agencies  before  the  vegetative  forma 
develop  and  toxin  is  formed.     Tlie  protective  importance  of  j>hagocyto- 
eis  was  demonstrated  by  V'aillard  and  Rouget,*  who  introduced  tetanus 
spores  inclosed  in  paper  sacs  into  the  animal  l)odj\      By  the  paper  cap- 

«  KUaaato,  ZcH.  f.  Hyg.,  1891. 

'D.  Eitler  und  Pribram,  in  I^vaditi,  "Hamlbuch,"  pIc,  Jena,  1907. 
* Henrijean,  Ann.  tie  li\  soc.  m&I.  ehir.  lie  Lii'-gp,  ISOl. 
•  VwUard  ci  Rouget,  Ann,  de  I'inst.  Pasteur.  1892. 
30 
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Fig.  98.— Oldek 
Tetanus  Cultukk 
IN  Glccoss  Agar. 
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sulea  the  spores  were  protected  from  the  leucocytes,  not  from  the  body 
fluids.  Nevertheless,  t«tanus  developed  in  the  animals.  The  nature  of 
the  wound  and  the  simultaneous  pn'sence  of  other  microorganisms  seem 
to  \ni  important  fiictons  in  determining  whether  or  not  the  tetanus  bacilli 
shall  t)C  enahled  lo  proliferate.  Deep,  lacerated  wounds,  in  wi»ich  there 
has  been  considerable  tissue  destruction,  and  in  which  chips  of  glass, 
wooil  splinters,  or  grains  of  dirt  have  become  endx-dded,  are  partieuhirly 
favorable  for  the  development  of  the.se  genns.  The  injuries  of  compound 
fractures  and  of  gunshot  wounds  arc  especially  liable  to  supply  thejje 
conditions,  and  the  presence  in  .such  wounds  uf  tlie  common  pus  cocci, 
or  of  other  more  hannless  parasites,  may  aid  materially  in  furnishing  an 
environment  suitable  for  the  growth  of  the  tetanus  bacdli.  Apart  from 
its  occurrence  following  trauma,  tetanus  has  been  not  infix'quently  ob- 
served after  childbirth,'  and  isolated  cases  have  been  reported  in  which 
it  has  followed  diphtheria  and  ulcerative  lesions  of  the  throat.' 

A  definite  period  of  incubation  elaj).scs  betwetvn  the  time  of  infection 
with  tetanus  bacilli  and  the  development  of  the  first  symptoms.  In 
man  this-may  Ijist  from  five  to  seven  days  in  acute  cases,  to  from  four^ 
to  five  weeks  in  t!ie  mon*  chronic  ones.  E.xperimental  inoculation  t  f 
guinea-pigs  is  followed  usually  in  from  one  to  tlirec  days  by  rigidity  of 
the  muscles  nearest  the  point  of  infection.  This  spastic  condition  rapidly 
e.vtends  to  other  parts  and  finally  leads  to  death,  which  occurs  within 
four  or  five  days  after  infection. 

Autopsies  upon  human  beings  or  animals  dead  of  tetanus  reveal  few 
and  insignificant  lesions.  The  initial  point  of  infection,  if  at  all  evident, 
is  apt  to  be  small  and  innocent  in  appearance.  Further  than  a  general 
and  moderate  congestion,  the  organs  show  no  pathological  changes. 
IJaciili  are  found  sparsely  even  at  the  point  of  infection,  and  have  b<>en 
but  rarely  demonstrated  in  the  blood  or  viscera.  Nicolaier  succeeded 
in  producing  tetanus  with  the  organs  of  infected  animals  in  but  eleven 
out  of  fifty-two  citses.  Moiv  recently,  Tizzoni  ^  and  Cix'ite  '  have  suc- 
ceeded in  cultivating  tetanus  baciUi  out  of  the  spleen  and  heart's  blood 
of  infected  himian  beings. 

The  researches  of  Tarozzi  *  and  of  Canfora  *  have  shown  also  that 
spores  may  be  transported  from  the  site  of  inoculation  to  the  liver, 
spleen,  and  other  organs,  and  there  lie  dormant  for  as  long  as  fifty-one 
days.    If  injury  of  the  organ  is  experimentally  practiswl  and  dead  tissue 


•  Bagintky,  Deut,  med,  Woch.,  1803. 
'  Foget,  Wien.  med.  Woch.,  1895. 

*  Tistoni,  Ziegler'a  Beit.,  vii. 


« CreiU,  Cent.  f.  Bakt.,  xxxvu, 

•  Tarosii,  Cent.  f.  Bakt.  Grig,  xxxviii 

*  CanfoTtx,  Cent,  f .  Bakt.  Orig.  xlv. 
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'Or  blood  clot  produced,  the  spores  may  develop  and  tetanus  ensue. 

I  These  experiments  may  explain  cases  of  so-called  cryptogenic  tetanus. 
Tetanus  Toxin. — The  pathogenicity  of  the  tetanus  bacillus  depends 

\  entirely  upon  the  soluble  toxin  which  it  produces.  This  toxin  is  produced 
in  suitable  metiia  by  all  strains  of  virulent  tetanus  bacilli,  individual 

'strains .showing  less  variation  in  this  respect  than  do  the  separate  strains 

;  of  diphtheria  bacilli.    While  partial  aerobiosis  does  not  completely  elimi- 

tnate  toxin  formation,  anaerobic  conditions  are  by  far  more  favorable  for 

(its  development. 

The  medium  most  frequently  employed  for  the  production  of  tetanus 

1  toxin  is  neutral  or  slightly  alkaline  beef-infusion  bouillon  containing  five- 

I  tenths  per  cent  NaC!  and  one  per  cent  pepton.  Glucose,  sodium  formate, 
or  tincture  of  litmus  may  be  added,  but  while  these  substances  increase 

*the  speed  of  growth  of  the  l>acilli  they  do  not  .seem  to  enhance  the  de- 
gree of  toxicity  of  the  cultures.   Glucose  is  said  even  to  be  unfavorable  for 

[strong  toxin  develojjment.    It  is  important,  too,  that  the  bouillon  shall 

[  be  freshly  prepared.'    There  does  not  .seem  to  be  any  direct  relationship 

'between  the  amount  of  growth  and  the  degree  of  toxicity  of  the  cultures. 
Under  anaerobic  conditions  in  suitable  bouillon  and  grown  at  37.5°  C, 

J  the  maximum  toxin  content  of  the  cultures  is  reached  in  from  ten  days 
to  two  weeks.    After  this  time  the  toxin  deteriorates  rapidlj'. 

Tetanus   toxin   has   been   produced   without   resort    to   anaerobic 

•  methods  by  several  observers,  notably  by  Debrand,-  by  cultivating  the 
bacilli  in  bouillon  in  symbiosis  with  Bacillus  subtilis.  By  this  method, 
Debrand  claims  to  have  produced  toxin  which  was  fully  as  potent  as 

[that  produced  by  anat'robic  cultivation. 

The  tetanus  toxin,  in  solutidn  in  the  bouillon  cultures,  may  be  sepa- 

I  rated  from  the  bacteria  by  filtration  through  Berkefeld  or  Chamberland 
filters.  Since  the  poison  in  such  filtrates  deteriorates  very  rapidly, 
much  more  rapidly  even  than  dijyhtheria  toxin,  various  methods  have 
beeadevi.sed  to  obtain  the  toxin  in  the  solid  state.  The  most  useful  of 
these  is  precipitation  of  the  poison  out  of  solution  by  oversaturation 
with  ammonium  sulphate.'  \'erj-  little  of  the  toxin  is  lost  by  this  method 
and,  thoroughly  dried  and  stocked  in  vacuum  tulies,  together  with  an- 
hydKJUs  phosphoric  acid,  it  may  be  preserved  indefinitely  without  dete- 
rioration.   The  precipitate  thus  fonned  is  easily  soluble  in  water  or 


'  Vaillard  et  Vincent,  Ann.  dc  I'inst.  Pnsteur,  1891. 
'  Debrarui,  Ann.  de  I'inst.  Puatcur,  1890,  1902. 
•  Briefer  und  Cohn,  Zeit.  f .  Hyg.,  xv. 
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salt  solution,  and  therefore  permits  of  the  preparation  of  uniform  solu- 
tions for  purposes  of  standardization. 

Brieger  and  Boer  '  have  also  succeeded  in  precipitating  the  toxin 
out  of  broth  solution  with  zinc  chloride.  Vaillard  and  Vincent '  have 
procured  it  in  the  dry  state  by  evaporation  in  vacuo. 

Brieger  and  Ck»hn,*  Brieger  and  Boer,*  and  others  have  attempted 
to  isolate  tetanus  poison,  removing  tlie  proteids  from  the  ammonium  sul- 
phate precipitate  by  various  chemical  methods.  The  purest  preparations 
obtained  have  been  in  the  form  of  fine  yellowish  flakes,  soluble  in  water, 
insoluble  in  alcohol  and  ether.  Solutions  of  this  substance  have  failed 
to  give  the  usual  proteid  reactions. 

The  toxin  when  in  solution  is  extremely  sensitive  to  heat.  Kita- 
sato '  state-s  that  exposure  to  68"  C.  for  five  minutes  destroys  it  com- 
pletely. Dry  toxin  is  more  resistant,"  often  withstanding  temperatures 
of  120°  C.  for  more  than  fifteen  minutes.  Exposure  to  direct  sunlight 
destroys  the  poison  in  fifteen  to  eighteen  hours.' 

Interesting  experiments  as  to  the  action  of  eosin  upon  tetanus  toxin 
have  been  carried  out  by  various  observers.  Flexner  and  Noguchi  • 
found  that  five  per  cent  eosin  added  to  the  toxin  would  destroy  it 
within  one  hour.  This  action  is  ascribed  to  the  photodynamic  power 
of  the  eosin. 

The  toxin  exerts  an  extremely  low  osmotic  pressure  and  is  easily 
destroyed  by  electric  currents. 

Tetanus  toxin  is  one  of  the  most  powerful  proisons  known  to  ua. 
Filtrates  of  broth  cultures,  in  quantities  of  0.000,005  c.c,  will  often  prove 
fatal  to  mice  of  ten  grams  weight.  Dry  toxin  obtained  by  ammo- 
nium sulphate  precipitation '  is  quantitatively  even  stronger,  values  of 
0.000,001  grams  as  a  lethal  do.se  for  a  mouse  of  the  given  weight  not 
being  uncommon.  Brieger  and  Cohn'"  succeeded  in  pro<.lucing  a  dry 
toxin  capable  of  killing  mice  in  doses  of  0.000,000,05  gram. 

Different  species  of  animals  show  great  variation  in  their  susccpti- 

'  BriegfT  unci  BotT,  Zeit.  f.  Hyg.,  xxi. 

•  VaiUard  pt  Vinefnt,  .\nn.  de  Tittst.  Pasteur,  1891. 
'  Brieger  und  Colin,  loc.  cit. 

•  Brieger  und  Borr,  Z<"it.  f.  Hyg.,  xxi.  , 

•  KUatato,  Zeit.  f.  Hyg.,  x. 

•  Morax  et  Marie,  Ann.  de  I'inst.  Pasteur,  1902. 
'  Permi  und  Pemosei,  Cent,  f .  Bakt.,  xv. 
'  PlrxTur  and  Noguchi,  "Studies  from  Rockefeller  Inst.,"  v.,  1906. 

•  Briri/er  und  Co)m.,  loc.  cit. 
"'Brieger  und  CoKn.,  Zeit.  f.  Hyg.,  xv. 
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bility  to  tetanus  toxin.  Human  beings  and  horses  arr  probably  the  most 
susceptible  species  in  proportion  to  their  boily  weight.  The  common 
domestic  fowls  are  extremely  resistant.  Calculated  for  grams  of  body 
weight,  the  horse  is  twelve  times  as  susceptible  as  the  mouse,  the  guinea- 
pig  six  times  atj  susceptible  as  the  mouse.  The  hen,  on  the  other  hand, 
is  200,000  times  more  resistant  than  the  mouse. 

After  the  inoculation  of  an  animal  with  tetanus  toxin  there  is  always 
a  definite  period  of  incubation  before  the  toxic  spasms  set  in.  This 
period  may  be  shortened  by  incretise  of  the  do.se,  but  never  entirely 
eliminated.'  When  the  toxin  is  injected  subcutuncously,  spasms  begin 
first  in  the  muscles  nearest  the  point  of  inoculation.  Intravenous 
inoculation,^  on  the  other  liand,  usually  results  in  general  tetanus  of 
all  the  muscles.  The  feeding  of  toxin  does  not  produce  disease,  the 
poison  l>eing  passed  through  the  bowel  unaltered. 

The  harmful  action  of  tetanus  toxin  is  generally  attributed  to  its 
■affinity  for  the  central  nervous  system.  Waasermann  and  Takaki ' 
ihow  that  tetanus  toxin  was  fully  neutralized  when  mixed  with  brain 
bstance.  Other  organs — liver  and  spleen,  for  instance — showed  no  such 
neutralizing  power.  The  central  origin  of  the  tetanic  contractions  was 
made  very  evident  by  the  work  of  Gumprecht,^  who  succeeded  in  stop- 
ping the  spasms  in  a  given  region  by  division  of  the  supplying  motor 
nerves. 

The  manner  in  which  the  toxin  reaches  the  central  nervous  system 
has  been  extensively  investigated,  chiefly  by  Meyer  and  Ransom,  and 
Marie  and  Morax.  Meyer  and  Ransom  '  from  a  series  of  careful  experi- 
ment.8  reached  the  conclusion  that  the  to.xin  is  conducted  to  the  nerve 
centers  along  the  paths  of  the  motor  nerves.  Injectetl  into  the  circu- 
lation,* the  toxin  reaches  simultaneously  all  the  motor  nerve  endings, 
producing  general  tetanus.  In  this  ca.se  too,  therefore,  the  poison  from 
the  blood  can  not  pass  directly  into  the  central  nervous  system,  but 
must  follow  the  route  of  nerve  tracts. 

These  observations  have  been  of  great  practical  value  in  that  they 
pointed  to  the  desirability  of  the  injection  of  tetanus  antitoxin  directly 
into  the  nerves  and  the  central  nervous  system  in  active  cases. 


'  Courniont  et  Doyen,  Arch,  de  phys.,  1893. 

*  Ratuiom,  Deut.  med.  Woeh.,  1893. 

*  Wasiermann  und  Takaki,  Berl.  klin.  Woch., 
*GumprecM,  Pfliiger's  Arch.,  1895. 

'  Meyer  und  Rantom,  Arch,  f .  exp.  Pharm.  u.  Piith.,  xlix. 

*  Marie  et  Morax,  Ann.  de  I'inst.  Pasteur,  190:1. 
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Tet&nolysm. — Tetanus    Ijouillnn   contuins,    besides  the   "tetano* 

spiusmin"  dt'scrilxHl  nlwvf  wliich  produces  the  familiar  fjiriptoms  of  the 
disease,  anuther  suljsUmee  diseoveretl  by  Elirlieh  '  and  namefl  by  him 
"tetanolysin."  Tetaiiolysin  has  the  power  of  causing  hemolj'sis  of 
the  red  hloo<l  eorpuMcles  of  various  animals,  anil  is  an  entirely  separate 
suhstanee  from  tetanospasmin.  It  may  be  removwl  from  toxic  broth 
by  admixture  of  red  blood  cells,  is  more  thermolabile  than  the  tetano- 
spasmin, and  ^;ives  rise  to  an  antihemolysin  when  inji'cted  into  animals. 
For  the  prwluetion,  standardization,  and  use  of  tetanus  antitoxin,  see 
p.  220  el  wq. 

Therapeutic  Value  of  Tetanus  Antitoxin. — I'litil  recently  tetanus 
antitoxin  was  chietty  useful  iis  a  prophylactic,  from  1,000  to  5,000  units 
being  given  by  deeply  subcutaneous  or  intramuscular  injection.  Its 
use  after  the  onset  of  sjinptoms  had,  liowever,  bi'cn  fraught  %vith  much 
disappointment,  largely  because  it  was  not  possilile  to  influence  the  toxin 
which  had  atreatiy  Iwcome  united  with  the  substance  of  the  nerve  tis- 
sues. Recently,  however,  more  perfect  methoils  of  acbninistration  have 
been  devise<J  with  which  lietter  result.s  have  been  achi(>vetl.  The  most 
succes.sful  of  these  seems  to  l>e  the  method  of  Park  and  Nicoll.'  They 
carry  out  a  spinal  puncture  taking  off  a  moder.'ite  amount  of  spirud  fluid, 
and  then  inject  slowly  liy  gravity  from  3,000  to  5,000  units  of  tetanus 
antitoxin  in  a  volume  of  from  3  to  10  c.c.  At  the  same  time  10,000 
units  are  given  intravenously  or  intramuscularly. 


^Ekrlich,  lierl.  klin.  Woch.,  1898. 

»  Park  and  SicoU,  Jour,  of  the  A.  M.  A.,  voL  63,  July,  1914,  p.  235. 
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BACILLUS  OF  SYMPTOMATIC  ANTHRAX 

{BaciUus  anthracis  symptomatici,  Rmischbrand,  Charbon  symptomatique, 
Sarcophysematos  bovis) 

Stmptomatic  anthrax  is  an  infectious  disease  occurring  chiefly 
among  shocp,  cattle,  and  goat.s.  It  is  spoken  of  as  "quarter-evil"  or 
"blackleg."  The  disease  has  never  been  observed  in  man.  It  was 
formerly  confused  with  true  anthrax,  because  of  a  superficiitl  similarity 
Ix'tween  the  clinical  sjTnptoms  of  the  two  maladies.  Bactpriologi<nilly, 
the  two  microorganisms  are  in  entirely  different  classes. 

Symptomatic  anthrax  is  of  wide  distriljution  and  infection  is  usually 
through  the  agency  of  the  soil  in  which  the  bacillus  is  present,  in  the 
form  of  spores  wliich  may  retain  vial)ility  for  several  years. 

Morphology  and  Staining. — The  bacillus  of  symptomatic  anthrax 
is  a  bacillus  with  rMiimled  ends,  being  iil>otit  four  to  .>^ix  micra  long,  and 
five-tenths  to  si.\-tentiis  micni  wide.  It  is  usually  seen  .singly  and  never 
forms  long  chains.  The  bacillus  in  its  vegetative  form  is  actively  motile 
and  possesses  numerous  flagella  placed  about  its  periphery.  In  artifieia! 
media  it  forms  spores  which  arc  uval,  broader  than  tlic  rod  itself,  and 
placed  near,  though  never  actually  at,  the  end  of  the  bacillary  body. 
This  gives  the  bacillus  a  racket-shaped  appearance. 

It.  is  rea<li!y  stained  with  the  usual  anilin  dyes,  but  is  easily  decolor- 
wed  by  Gram's  method  of  staining.  However,  von  Hibler  claims  that 
when  verv  carefullv  stained  the  bacillus  can  be  shown  to  be  Gram- 
positive — at  least  when  taken  from  the  auimnl  Ixxly.' 

Cultivation. — The  bacillus  is  a  strict  anaerobe.  It  was  obtained  in 
pure  culture  first  by  Kitiisato.'    Under  anaerobic  conditioas  it  is  easily 

'  mn  HiUrr,  KoUe,  Waa»eTir,ann,  etc,  p.  79?,  vol.  iv. 
•  KiUimlo,  Woch.  f.  Hyg.,  1889. 
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cultivated  upon  the  usual  laboratory  media,  all  of  which  are  more 
favorable  after  tlie  adtlition  of  glucose,  glycerin,  or  nutrosc.  In  all 
media  there  is  active  giis  formation,  which,  owing  to  an  admixture  of 
butyric  acid,  is  of  a  foul,  sour  odor.  The  bacillus  is  not  very  delicate 
in  its  requirements  of  a  special  reaction  of  media,  growing  equally  well 
on  those  slightly  acid  or  slightly  alkaline. 

On  gdalin  plates,  at  20°  C,  colonies  appear  in  about  twenty-four 
hours,  usual!)"  round  or  oval,  with  a  compact  center  about  which  fine 
radiating  filaments  form  an  opaque  halo.     The  gelatin  is  fluidified. 


N 
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Fio.  99. — Bacillos  of  Symptomatic  Anthrax.    (After  Zettnow.) 

Surface  colonies  upon  ayar  plates  are  circular  and  made  up  of  a 
slightly  granular  compact  center,  from  which  a  thinner  peripheral  zone 
emanates,  containing  microscopically  a  tangle  of  fine  threads. 

In  agar  sfois,  at  37.5°  C,  growth  appears  within  eighteen  hours, 
rapidly  spreading  from  the  hne  of  stab  as  a  diffuse,  fine  cloud.  Gas 
formation,  especially  near  the  bottom  of  the  tube,  rapidly  leads  to  the 
formation  of  bubbles  and  later  to  extensive  sfjlitting  of  the  metlium. 
In  gdatin  stab  cultures  growth  ia  similar  to  that  in  agar  stabs,  though 
less  rapid. 

Pathogenicity. — Syroptomatic  anthrax  bacilli  are  pathogenic  for 
cattle,  sheep,  and  goats.  By  far  the  largest  number  of  cases,  possibly 
the  only  spontaneous  ones,  appear  among  cattle.  Guinea-pigs  are  very 
susceptible  to  experimental  inoculation.    Horses  are  ver>'  little  suscep- 


BACILLUS  OF  SYJrPTOMATIC  ANTHRAX 

tible.     Dogs,  cats,  rabbits,  and  birds  arc  immune.     Man  also  appears 
to   be  absolut^oly  immunp.     SpoiitiUK'ous  infection  ocrur-s  by  the  en- 
trance of  infected  soil  into  abrasions  or  wounrU,  usually  of  the  lower 
extremities.     Infection  depends  to  some  extent  iip<jn  the  relative  de- 
gree of   virulonre   of  the   bacillus — a  variable  factor  in   this  species. 
Twelve   to   twenty-four  hours  after  inoculation  there  appears  at  the 
point  of   entrance   a    soft,  puffy  swelling,  which  on 
palpation  is  found  to  emit  an  emptiyseniatous  crack- 
ling.   The  emphysema  spreads  rapidly,  often  reaching 
the  abdomen  and  chest  \ntliin  a  day.     The  course 
of  the   di.sease  is  extremely  acute,  the  fever  high, 
the  general  prostration  extreme.     Dcnth  may  result 
within  three  or  four  days  after  inoculation. 

At  autopsy  the  swollen  area  Ls  found  to  be 
infiltrated  with  a  thick  exudate,  blood-tinged  and 
foamy.  Subcutaneous  tissue  and  muscles  nvv. 
edematous  and  crackle  with  gas.  The  internal 
Gleans  show  parenchymatous  degeneration  and 
hemorrhagic  areas.  The  bacilli,  immediately  after 
death,  are  found  but  sparsely  distiihutod  in  the 
blood  and  internal  organs,  but  are  demonstrable  in 
enormous  numbers  in  the  edema  surrounding  the 
central  focus. 

If  carca.sses  are  allowed  to  lie  unburied  for  some 
time,  the  bacilli  will  attain  a  general  distribution, 
and  the  entire  body  will  be  found  bloated  with  gas, 
the  organs  filled  with  bubbles.  Practically  identical 
conditions  are  found  after  experimental  inocula- 
tion. 

Toxins. — According  to  the  investigations  of  I^e- 
clainche  and  Vallee,'  the  bacillus  of  symptomatic 
anthrax  produces  a  soluhle  toxin.  It  is  not  formed 
to  any  extent  in  orilinan,'  broth,  but  is  formed  in 
considerable  quantities  in  broth  containing  blood  or  albuminous  ani- 
mal Huid..'.. 

The  best  metiium  for  obtaining  toxin,  according  to  the  same  authors, 
is  the  bouillon  of  Martin,'  made  up  of  equal  parts  of  veal  infusii>n  and  a 


Fio.  100.— Ba- 
cillus or  Symp- 
tom .\Tic  Anthrax, 
Culture  in  glucose 
agar. 


•  Leclainche  et  Vallie,  Ann.  tie  I'inst.  Pasteur,  1900. 
>  Martin,  .\nn.  de  Tinst.  Pasteur,  1898. 
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pcpton  solution  obtained  from  the  macerated  tissues  of  the  stomachs  of 
pigs.  The  toxin  containod  in  fi!t  rates  of  such  cuUurcs  is  quite  resistant 
to  heat,  liuf  rapidly  iletfriorates  if  free  access  of  air  is  allowed. 

Immunity. — -Active  immunization  against  the  bacillus  of  symptom- 
atic anthrax  was  first  aeeomplishcil  by  Arloing  '  and  his  collaborators 
by  the  suln-utancous  inoculation  of  cattle  with  tissue-extracts  of  in- 
fect.ed  animals.  The  work  of  these  authors  resulted  in  a  practical 
method  of  immunization  which  is  carried  out  as  follows: 

Two  vaccines  are  prepared.  Vaccine  I  consists  of  the  juice  of  in- 
fected meat,  drieil  and  hcale<l  to  10()°  C.  for  six  hours.  Vaccine  II  is  a 
similar  meat-juice  heated  to  iH)°  C,  for  the  same  length  of  time.  By 
the  heating,  the  sporos  contained  in  the  vaccines  are  attenuated  to 
relativel)'  different  degrees.  Vaccine  I  in  quantities  of  0.01  to  0.02 
e.c.  is  emulsified  in  sterile  salt  solutions  and  injected  near  the  end  of 
the  tail  of  the  animal  to  Ix'  protccterl.  A  similar  quantity  of  Vaccine  II 
is  injected  in  the  same  way  fourteen  days  later. 

This  method  has  been  retained  in  principle,  but  largely  mo<lified  in 
detail  by  various  workers.  Kitt '  introduced  the  use  of  the  drie<l  and 
powdered  whole  meat  instead  of  tlie  meat  juice,  and  mailc  only  one 
vaccine,  heated  to  94°  C,  for  six  hours.  This  method  htis  been  largely 
u.se<i  in  this  count rj".'  Passive  immunization  with  the  serum  *  of 
actively  immunized  she<']j  and  goats  has  been  used  in  combination  with 
the  methods  of  active  immimiisation. 


BACILLUS  OF   MALIGNANT  EDEMA 

{Bacillus  cedcm/itis  maligni,  Vibrion  septique) 

In  1S77,  Pasteur '  described  a  bacillus  which  he  had  found  in  guinea- 
pigs  antl  rabbits  experimentally  inoculated  with  putrefying  animal 
tissues.  This  baciUus,  which  he  nametl  "  Vibrion  septique,"  he  suc- 
ceeded in  cultivating  only  under  anaerobic  conditions  and  in  an  impure 
state,  and  described  sis  its  pathognomonic  characteristics  the  formation 
of  an  extensive  edema  in  and  about  the  point  of  inoculation. 

•  Arloitii/,  Comevin,  et  Thonuu,  "  Le  Charbon  Sympt.,"  etc.,  Paris,  1887.  Kef. 
from  Grassbergpr  und  Schattenfroh,  Kraus  und  Lcvaditi,  "  Handbuch,"  etc..  voL 
i,  pt.  2. 

'  KUt,  R<"f.  from  OrasalwrKpr  und  SchatU-nfrt)!!,  loc.  di. 

•  K*nort  of  Bupe.iii  of  Animal  Ind.,  WmIi..  1902. 

•  Arloing.  LrrlainrJir,  el  Valtic,  Iijc,  cit. 

•  Patteur,  Bull,  dc  I'acad.  de  m<Sd..  1877,  p.  703. 
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Koch,'  who  studied  this  infection  in  connection  with  his  work  upon 
anthrax  in  ISSl,  called  attention  to  the  fact  tluvt  the  bsicillus  ilescribcd 
by  Pasteur  did  not  produce  a  true  septicemia,  and  su^t;e.sted  the  tenn 
"BacilJus  of  malignant  edema,"  which  is  now  in  general  use. 

Gaffky '  found  that,  apart  from  its  presence  in  putrid  material,  the 
bacillus  occurred  in  the  tipix-r  layers  of  garden  soil  and  in  du.st.  It 
has  since  been  found  to  be  widely  distributed  in  nature  and  in  the 
int-esluies  of  animals  and  of  man.  Its  wide  distribution  is  imques- 
tionably  tlue  to  the  great  resistance  of  its  spores. 

Morphology  and  Staining. — The  bacillus  of  malignant  edema  is  a 


Fio.  101. — Bacillus  of  Mauona.nt  Edema.     (Aft^r  Fnlnkel  and  Pfeiffer.) 


long  slender  n)d,  not  unlike  the  anthrax  bacillus,  but  decidedly  more 
slender.  Its  average  nieasurements  are  1  micron  in  thickness  and  3 
to  S  micra  in  length.  It  usually  occurs  as  single  roils,  but  frequently 
appears  in  long  threads  showing  irregular  subdivisions.  Often  no  sub- 
divisions can  be  seen  and  tlie  threads  appear  as  long,  homogeni^us 
filaments.  These  threads  are  less  freijuetitly  seen  in  preparations  from 
.solid  media  than  in  those  from  bouillon  or  cdenui  fluid.  The  bacilli 
are  motile  and  possess  numerous  laterally  placed  Hagella.  Their  motil- 
ity is  never  very  marked  ami  is  often  entirely  absent.     The  bacillus 

'  Koch,  .Mitt.  a.  d.  kais.  fJesuiulheitaamt,  i,  18S1,  p.  52  et  seq, 
'Gaffky,  Mitt.  a.  d.  kais.  Gesundheitflamt,  18.S1. 


470 


PATIKM;fc;MC  Mlri{(M)HtiANlSM« 


prridtirrs  sj>orrs  at  tonipcraHires  iibovc  20°  C,  which  are  oval,  irrepula^ 

phu'C'd  cilhtT  in  tho  cciitrr  or  slightly  nearer  one  or  the  other  end,  and 

cauac  a  bulging  of  the  baeilliiry  body. 

It  is  readily  stained  by  any  of  the  visual  nnilin  dyes.    Stained  by 

Grain's  metliod  it  is  dec-olorized. 

Onltiration. — Barillus  a'deniatis  nialigni  is  strictly  anaerobic. 
ruder  afiaerohic  conditions  it  develops  readily  ufxm 
any  of  the  usual  artificial  media.  The  baciUus  is  not 
very  sensitive  to  the  reaction  of  media  and  prows 
more  luxuriantly  in  all  media  to  which  glucose  has 
been  added.  In  all  nietlia  it  forms,  by  the  cleavagi'-  of 
proteids,  putridly  offensive  ga.-^es. 

In  gdiitin  at  room  teniperatun^,  colonies  develop  in 
about  three  daj's  as  small  grayi.sh  spherical  growths, 
which  microscopically  .show  an  arriuigement  iti  radial 
filaments.     The  gelatin  is  fluidified. 

In  gclnlin  Mat)  cultures  growth  begins  as  a  wKit« 
column  ext<>nding  to  within  a  centimeter  of  the  top 
of  the  medium.  S<Jon  irregularly  radiating  proeesaea 
de\Hlop  laterally  and  gas  bubbles  appear,  breakmg  up 
\he  meilimn. 

8tab  cultures  in  agar  v\\o\\  growth  within  twenty- 
four  to  thirty-six  houw  at  37.5°  C,  apjH'aring  at  first 
as  a  whit-e  line,  but  soon  showing  a  cloud-like  lateral 
cxteiisi<in  along  the  entire  line  of  the  slab.  If  .sugar 
is  prej-cht  bubbles  appear  throughout  the  metliura. 

In  hrolh  there  is  general  clouding  and  a  granular 
sediment;  no  pellicle  is  fonned.  Milk  is  slowly  co;ig- 
iiiated.  On  blood  .serum  growth  is  ven*  lu.xuriant. 
On  potato,  a  nieiliimi  used  in  the  earliest  studies  of 
the  bacillus  by  (iafTky,  the  bacillus  grows  readily. 

Isolation  may  be  accompUshcd  by  any  of  the 
ordinary  anaerobic  plating  methods.  The  bacillu.s 
cart  u.sually  be  obtained   for  subs<'quent   isolation   by 

injection  of  a  su.sceptiblc  animal  with  soil,  especially  that  of  gardens  or 

manured  fields. 

Patho^nicity. — The  bacillus  is  pathogenic  for  mice,  guinea-pigs, 

rabbitjs,  horses,  dogs,  .sheep,  pigs,  some  birds,  and  man.     Cattle  were 

formerly  regardetl  a^  immune,  an  opinion  which  has  since  been  found  to 

^  erroneous. 
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BACILLUS  AEROGENEa  CAFSULATUS 


Subcutaneous  inoculation  of  pure  cultui-e  uito  a  susceptible  subject 
produces,  within  twenty-four  to  thirty-six  hours,  an  acute  edematous 
inflammation  about  the  point  of  inoculation.  The  edema  extends 
throughout  the  subcuticular  and  dcrper  liiyers,  and  consists  of  thin, 
slightly  bloody  fluid.  Neighboring  lymph  nodes  become  swollen  and 
hemorrhagic.  In  the  mixed  infections  of  accitlental  inoculation,  but 
more  rapidly  in  experimental  inoculations  with  ]jure  cultures,  gas  is 
formeti  and  consequent  subcutaneous  emphysema.  Together  with  this 
there  arc  symptoms  of  general  toxemia.  In  the  smaller  test  animals  this 
disease  is  usually  fatal.  At  autopsy  the  bacilli  are  found  in  the  edema 
fluid  about  the  local  lesion.  At  autop.sies  dune  soon  after  death,  the 
oi^anisms  are  not  found  in  the  blood  or  internal  organs.  Later  they 
may  be  generally  distributed  throughout  the  body.  In  mice  only  may 
the  bacilli  enter  the  blood  stream  before  tleath.  The  internal  organs 
of  animals  dead  of  this  infection  usually  show  parcnch}'matous  degen- 
eration and  occasionally  heinoirhages. 

Maligtuint  edema  is  not  a  frequent  disease.  It  has  been  occasionally 
observed  in  horses,  in  cattle,  and  in  .sheep.  In  man  the  infection  usually 
appears  after  traumatism  or  secondaiily  after  conipouml  fractures  or 
ujKjn  the  site  of  suppurating  wounds.  Isolated  cases  have  been  de- 
scribeti  as  arising  aft*!r  hypodermii;  injections.  One  ca.sc  has  been 
reiwrte<l  as  arising  in  the  uterus  after  iuslruniental  abortion. 

Immunity. — llecovery  from  an  infection  with  the  bacillus  of  malig- 
nant edema  produces  immunitv  against  subsequent  infections.'  The 
bai'illus  in  fluid  media  produces  small  amounts  of  a  soluble  toxin  which 
in  bact.eria-frcc  filtrates  is  capable  of  killing  guinea-pigs.  Relatively 
large  (juantities  of  filtrate  must  be  employed.  Roux  ami  Chaniberland,' 
the  first  to  work  upon  these  toxins,  were  able,  by  means  nf  them,  to 
immimize  guinea-pigs.  Similar  immunity  could  be  produced  by  treat- 
ment with  the  toxic,  filtered  sera  of  animals  dead  of  the  disca.se.' 

BACILLUS  AEROGENES  CAPSULATUS 

The  bacillus  finds  wide  distribution  in  nature,  being  found  in  soil, 
dust,  and  brackish  water,  and  in  the  normal  intestinal  tracts  of  human 
beings  and  mammals.* 


'  Arlmn{;  et  Chaweau,  Ann.  de  m<'-d.  \6i.,  1884. 

'  RouxelChamberland,  Ann. deVinst.Pasteur,  1887.     'Son/eIic«, Zeit. f.Hyg.,xiv. 

'  Although  B.  acrogenes  capauiatun  iinil  B.  phlegmonia  emphysematosa!  arc  sep- 
arat«ly  described  in  many  books,  notnl>ly  Migula's  "System  d.  Bokteriologie,"  the 
niicroorgaiiismB  have  been  shon-n  beyond  question  to  be  identical  and  ore  acknowl- 
edged to  be  80  by  Frankel  himself. 
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There  has  been  I'liilliss  tronfusion  in  the  cliissification  of  the  so* i 
failed  aeroftenes  capHulatus  organisms,  a  group  wliieh  has  been  knowil| 
in  (liffrTftit  eounlries  by  a  large  variety  of  names.  Its  first  description 
is  prohalily  that  by  Welch  and  Nuttall '  in  1892,  who  gave  it  the  name 
B.  aerogenes  capsulatwi,  l>y  which  njinie,  or  briefly  Welch  bacHln»,  it  is 
most  coniUKpnly  designated  by  American  bacteriologists.  Similar  or 
identical  organisms  are  the  li.  phkgmonls  empkyseinalosue  of  Fraenkel, 
the  B.  enteririitis  spoTogenes  of  Klein,  the  B.  perfringena  of  Veillon  and 
Zubcr,  and  the  (lraiuihbacillu)i  xaccharobulyricus  liquefaciens  immMlU 
of  Schattenfroh  and  Grassbergcr,  and  a  number  of  others  leas  prominent 
in  the  literature. 

The  task  of  classifjnng  these  various  organisms  is  one  of  great 
technical  difficulty,  and,  as  in  so  many  other  groups  of  bacteria  orig- 
inally described  as  a  single  species,  we  are  now  learning  that  instead 
of  complete  identification  of  indi\ddual  isolatioas,  one  with  another, 
we  can  merely  draw  a  circle  aliout  a  certain  group,  recognizing  close 
relationship  morphologically,  culturally,  and  in  relation  to  infections  of 
man  and  animals.  After  a  very  careful  study  of  many  different  strain.s, 
Simmoads  comes  to  the  conclusion  tiiat  the  Welch  bacillus,  so-called, 
is  rouphly  identical  with  those  mentioned,  including  also  the  bacilli  once 
associated  by  Achalme  witli  rheumatic  infections.  The  term  B.  Welehii, 
he  concludes,  does  not  represent  a  fixed -species  but  a  closely  n'lated  group 
of  bacteria  not  yet  fully  classified  even  by  his  own  extensive  studies. 

It  is  often  hard  to  detennino  in  the  case  of  organi.sms  of  such  varied 
activities  exactly  what  can  be  regarded  as  a  cardinal  characteristic  ^ 
important  for  classifying  purpo.ses.  The  organisms  treated  of  in  thisH 
group  arc  all  targe  tJram-posiitive,  ntm-motile  bacilli,  with  rounded 
ends,  rarely  occurring  in  ch.ains,  and  anaerot/ic.  Spore  formation  i.s  in- 
constant and  occurs  only  in  an  alkaline  metlium.  When  fermentable 
sugars,  and  consequently  free  acid,  arc  present,  no  spore  formation 
tjikes  i)lace.  Milk  is  fermented  with  the  formation  of  butjTic  acid. 
The  intravenous  injection  of  animals,  especially  rabbits,  usually  pro- 
duces death  with  an  enonnous  swelling  of  the  Ixxly  by  the  formation 
of  gas,  which  burns  with  a  pale  blue  tlanie.  Capsules  may  be  seen 
when  the  smears  are  made  directly  from  animal  tissues,  but  are  almost 
universally  mis.sed  in  organisms  taken  from  culture. 

As  to  minor  cultural  characteristics,  so  many  variations  arc  ob- 
served that  it  is  hardly  wortli  while  to  summarize  them. 


BACILLUS  AEROGENES  CAPSULATUS 

Pathogenicity. — ^It  is  extremely  interesting  that,  though  a  path- 
"ogenic  anacrolie,  no  one  has  so  far  liren  able  to  show  satisfactorily  the 
production  of  a  true  exotoxin,  thfiugh  sucli  a  claim  has  Iwcn  niach>  sev- 
eral times.  Poisonous  products  that  have  been  olitained  from  cultures 
have  not  confomie<l  with  the  charactfristics  of  true  exotoxins  as  we 
recognize  them  now.  Moreover,  tlie  reaction  of  toxin-containing  fil- 
trates, as  Simmonds  points  out,  has  \)Qen  almost  always  acid,  and  Mc- 
Campbell  and  others  have  suggested  that  the  toxicity  of  such  cultures 
is  due  to  the  presence  of  Imtyric  acid.  It  is  interesting  in  this  connec- 
tion also  that  Herter,  who  gave  a  great  deal  of  attention  to  the  presence 
of  these  organisms  in  the  IkiwcI  and  attrilnited  to  tlieni  etiological  rela- 
tionship with  many  iut^'stinal  disorders,  lielicvcd  tliat  iliarrhea  following 
intestinal  putrefaction  was  due  to  a  very  large  extent  to  the  irritation 
produced  by  ammonium  butyrate,  the  Welch  bacilli  being  responsible 
for  the  appearance  of  the  butyric  acid. 

The  search  for  endotoxins,  too,  seems  to  have  been  unsuccessful, 
and  hemolysins  have  been  irregularly  present  in  cultures  studied  by 
various  investigators. 

Great  differences  in  virulence  have  b<'en  ohserverl  in  the  study  of 
various  strains.  .\  gtRid  m.'iny  of  tlic  strains  Hvcm  t(j  have  great  pa(lu>- 
genicity  for  the  ordinary  Laboratory  animals,  especially  for  guinea-pigs 
and  rabbits.  Yet  certain  non-sporulating  forms  have  shown  little  or 
no  virulence.  However,  variation  in  virulence  seems  to  fluctuate  con- 
siderably according  to  the  culture  medium  and  the  s\7nbi<)tic  conditions 
under  which  the  organisms  have  been  cultivated.  In  man,  fortimat^^^ly, 
there  seems  to  be  a  relatively  p<jwei'ful  resistance  against  Welch  bacillus 
infections.  In  fact,  many  investigators  have  believed  that  the  Welch 
bacillus  is  primarily  a  saprophyte  and  requires  the  presence  of  dead 
tissue  or  physiological  injury  before  it  can  penetrate  and  thrive  in 
the  human  Ixidy.  It  has  been  olwerverl  in  gas  cysts  of  the  brain,  in 
"gangrenous"  pneumonia,  in  appendix  alweeases,  in  puerperal  sepsis 
aft«r  abortion,  in  genera!  septicemia,  tind  in  many  other  conditions. 
However,  in  many  of  tliese  cases  it  may  Ih'  quite  resusonable  to  question 
the  primary  charact<?r  of  the  "gas  bacillus"  infection,  and  in  others 
again,  the  Welch  bacillus  may  be  regarded  :is  an  ante-mortem  inviusion, 
a  supposition  strengthened  by  the  study  of  terminal  infections  made  by 
Flexner,  in  which  such  a  possibility  is  plainly  demonstrated.  Thu.s, 
while  the  Welch  bacillus  may  unquestionably  invade  the  human  body 
and  do  much  injury,  and  even  be  reganied  in  many  cast's  as  proliably 
the  direct  cause  of  death,  its  invasion  in  many  of  these  cases  must  be 
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^^"        regarded  as  not  a  primarv'  invasion,  hut  as  one  associated  \dth  an(fl 

I  made  possil)le  Iiy  ciMnT  fniuieiiitic  injury  or  tiie  co-operation  of  othiarj 

I  invasive  germs  sucli  Jis  streptoc«jcci,  staphylocmuu  and  others.    TherM 

H  may,  of  course,  in  addition  to  these  be  rare  instances  in  which  thcl 

I  Welch  tiacillus,  owing  to  excessive  virulence  of  the  strain  or  reiativelyl 

I  low  resistance  of  the  infected  individual,  becomes  the  primjirj'  invader.! 

■  It  is  easy  to  understand  under  these  conditions  why  severe  trauma] 
I  associated  wth  tiie  carrying  of  soil  wouhi  form  iileal  conditions  for  the] 

■  produ(rtion  of  Welch  bacillus  infections.  I 
I  The  most  interesting  chapter  in  the  pathogenicity  of  the  Welch! 

■  bacillus  is  its  relation  to  intestinal  disease.  Simmonda  conlirras  by  hiaj 
I  own  work  the  work  of  many  others  that  the  Welch  bacillus  may  l»e1 
I  regardctl  as  a  normal  inhabitant,  of  the  intestines  of  man.  In  19  babiosl 
f  under  one  year  of  .age  he  found  Wflch  bacilli  in  the  stools  of  8.     He^ 

points  out  that  it  has  been  found  cveu  in  nursing  infants  by  a  nuniljer 
of  investigators. 

Herter '  has  associated  the  presence  of  the  Welch  bacillus  in  the 
bowel  with  pernicious  ansEmia.  However,  no  such  relationship  can  at 
present  l)e  assumetl  on  the  basis  of  available  work. 

Isolation. — The  bacillus  may,  of  course,  be  isolated  by  anaeroljc 
plating  methods.  It  is  Ix'st  isolated,  however,  from  mixed  cultures  by 
animal  inoculation.  If,  for  instance,  it  is  desireil  to  obtain  it  from  a 
mixed  culture  or  from  feces,  a  suspension  of  about  1  c.c.  of  the  sus- 
pected material  is  made  in  5  c.c.  of  sterile  salt  solution.  This  is  thor- 
oughly emulsified  and  filteretl  through  a  sterile  paper.  One  to  two  c.c. 
of  this  suspension  is  tlien  injected  into  the  ear  vein  of  a  rabbit.  After 
four  or  five  minutes  the  rabbit  is  killed.    It  is  then  placed  in  the  incu- 

(  bator  for  five  to  eight  hours.     At  the  end  of  this  time,  the  animal  is 

'  usually  found  tenst»ly  distended  with  gas.     At  autopsy,  giis  bubbles 

will  be  found  distributed  throughout  the  organs,  most  characteristically 
in  the  liver,  where  isolated  bubbles  are  found  covering  the  surface. 
From  these  bubl)les  cultures  or  smears  may  be  taken  for  identificjition. 

I  bLntification  is  easily  made  from  its  morphologj',  its  capsule,  lack  of 

j  motility,  and  gas  fonnation. 

I  Tlie  interest  of  bact^-riologista  in  the  Welch  bacillus  has  lately 

l>et'n  attracte<l  particuUirly  by  the  freijuent  occurrence  of  the  co-called 
gas  bacillus  infections  in  soldiers  in  the  trenches.  Apparently,  these 
infections  are  due  to  the  fact  that  dirty  clothing  and  din  from  the  skin 
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are  carried  into  the  wounds  with  the  mi&siles,  and  the  degree  of  trauma 
fumishts  the  conditions  under  which  the  bacillus  can  grow. 

These  infections  are  characterized  by  a  very  marked  destruction  of 
muscle  fibers,  histologicid  examination  showing  a  complete  disinte- 
gration of  the  cells.  It  is  probable  that  a  great  deal  of  acid,  especially 
butyric  acid,  is  formed  from  the  glycogen  of  the  muscle  by  the  gas 
bacillus,  and  that  this  contributes  to  the  intoxication  of  the  patient. 

Stewart  and  West  have  studied  such  infections  in  guinea-pigs 
in  our  laboratory  and  have  noticed  great  frequency  of  gastric  ulcer 
formation  in  guinea-pigs  succumbing  from  the  bacillus.  Since  they 
could  produce  similar  ulcers  by  intravenous  injections  of  acetic  acid, 
they  concluded  that  much  of  the  sj'stemic  injury  caused  by  the 
bacillus  may  be  a.'^sociat^d  with  acid  production. 

Weinberg  and  Sacquep^e  have  recently  claimed  a  true  toxin  in  cul- 
tures isolated  from  wounded  soldiers  and  have  produced  an  intoxication 
against  this  poison.  No  such  true  toxin  has  been  fouml  in  the  cultures 
studied  in  our  laboratory  and  this,  together  with  the  experiences  of 
many  other  workers,  inclines  us  to  iKilieve  that  the  organism  studied 
by  Weinberg  and  8acquep<5e  is  distinct  from  the  bacteria  ordinarily 
classified  with  the  Welch  bacillus. 

BACILLUS  BOTULINUS 

Meat  poisoning  was  formerly  regarded  as  universally  dependent  upon 
putrefactive  changes  taking  place  in  infected  meat,  resulting  in  the 
production  of  ptomains  or  other  harmful  products  of  bacterial  putre- 
faction. It  was  not  until  1888  that  certain  of  these  cases  were  definitely 
recognized  as  true  bacterial  infections,  in  which  the  preformed  poison 
probably  aided  only  in  establi.'^hing  the  infection.  Ciiirtner,  in  that 
year,  discovered  the  Bacillus  enteritidis,  a  microorganism  belonging  to 
the  group  of  the  paracolon  bacilli,  and  demonstrated  its  pres<'nce  both 
in  the  infecting  meat  and  in  the  intestinal  tracts  of  patients.  The  char- 
acteristics of  this  type  of  meat  poisoning  have  been  discussed  more 
particularly  in  the  section  describing  the  bacillus  of  Gartner  and  its 
allied  forms. 

There  is  another  type  of  meat  poisoning,  however,  which  is  not  only 
much  more  severe  (ending  fatally  in  almost  2.5  per  cent  of  the  cases) ,  but 
is  characterized  by  a  clinical  picture  more  significant  of  a  profound 
systemic  toxemia  than  of  a  mere  gastroenteric  irritation.  The  etio- 
logical factor  underlying  this  type  of  infection  was  first  demonstrated 
81 
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by  Van  Ermergem,'  in   1896,   and   namwl  Bacillus  botulinua.     Van  H 
Ermengem  isolati'd  tlic  bacillus  from  a  ham,  the  ingestion  of  which  H 
had  caused  diseti.se  in  a  large  number  of  persons.     Of  the  thirty-four 
individuals  who  had  eaten  of  it,  all  were  attacked,  alx)ut  ton  of  them 
very  severely.    Van  Ermengem  found  the  bacilli  in  large  numbers  lying 
between  the  muscle  fibers  in  the  ham,  and  was  able  to  cultivate  the  .same 
microorganism  from  the  stomach  and  spleen  of  one  of  those  w^ho  died 
of  the  infection.    The  results  of  Van  Ermengem  have  been  confirmed  H 
by  Rcimer,'-  and  others. 

Morphology  and  Staining. — Bacillus  Vx>tulinus  is  a  large,  straight  rod 
with  rounded  ends,  4  to  6  micra  in  length  by  0.9  to  1.2  micra  in  thickness. 
The  bacilli  are  either  single  or  grouped  in  ^'er^'  short  chains.  Involu- 
tion forms  are  numerous  on  artificial  meilia.  The  bacillus  is  slightly 
motile  and  possesses  from  four  tc  eight  xmdulated  flagella,  peripherally 
arranged.  Spores  are  formed  in  suitable  media,  most  regularly  in 
glucose-gelatin  of  a  distinctly  alkaline  titer.  The  spores  are  oval  and 
usuaUy  situated  near  the  end  of  the  bacillus,  rarely  in  its  center.  Spores  fl 
are  formed  most  abundantly  when  cultivation  is  carried  out  at  20" 
to  25°  C,  and  are  usually  absent  when  higher  temperatures  are  em- 
ployed.  H 

The  bacillus  is  easily  stained  by  the  usual  aqueous  aniline  dyes,  and 
retains  the  anilin-gentian-violet  when  stained  by  Gram.  It  is  necessarj", 
however,  in  carrying  out  Gram's  stain  to  decolorize  carefully  with  alco- 
hol since  overdecolorization  is  easily  accomplished,  leaving  the  result 
doubtful. 

Cultivation. — The  bacillus  is  a  strict  anaigrobe.  In  anaerobic  en- 
vironment it  is  easily  cultivated  on  the  usual  meat-infusion  media.  It 
grows  most  readily  at  temperatures  about  25°  C,  less  luxiu-iantly  at 
t«mperatures  of  35°  C.  and  over. 

The  bacillus  is  delicately  susceptible  to  the  reaction  of  media, 
growing  only  in  those  which  are  neutral  or  moderately  alkaline. 

In  deep  stab  cultures  in  one  per  cent  glucose  agar,  growth  is  at  first 
noticed  as  a  thin,  white  column,  not  reaching  to  the  surface  of  the 
medium.  Soon  the  medium  Ls  cracked  and  split  by  the  abundant 
formation  of  gas.  On  agar  plate,s,  the  colonies  are  yellowish,  opalescent, 
and  round,  and  show  a  finely  fringed  periphery'. 

On  gelatin,  at  20°  to  25°  C,  groAvth  is  rapid  and  abundant,  an<l 

'  Van  Erinengem,  Cent.  f.  Bakt.,  xix,  1890;  Zeit.  f.  Hyg.,  xxvi,  1897. 
'  ROmer,  Cent.  f.  Bakt.,  zxvii,  1900. 
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differs  little  from  that  on  agar,  except  that,  besides  the  formation  of 
giis,  there  is  energetie  fluidification  of  the  medium.  On  glucose-gplatin 
plftt<«,  Van  Ermengem  describes  the  colonips  aa  round,  yellowish, 
transparent,  and  composed  of  coarse  granules  which,  along  the  periphery 
in  the  zone  of  fluidification,  show  constant  motion.  Tlie  appenrance  of 
the  surface  colonies  on  glucose-gelatin  plates  is  regarded  by  the  discov- 
erer as  diagnostically  characteristic. 

In  glucose  broth  there  is  general  clouding  and  large  quantities  of 
gas  are  formed.  At  35"  C.  and  over," the  gas  formation  ceases  after  four 
or  five  days,  the  broth  becoming  clear  with  a  yellowish-white  flocculcnt 
sediment.    At  lower  temperatures  this  does  not  occur. 

Milk  is  not  coagulivted  and  disaccharids  and  polysacchnrids  are  not 
fermented 

The  gas  formed  in  cultures  consists  chiefly  of  hj'drogen  and  methane. 
All  ctdtures  have  a  sour  odor,  like  butjTic  acid,  but  this  is  not  so  offensive 
as  that  of  some  of  the  other  anaerobic  organi.sms. 

The  bacillus  lives  longest  in  gflatin  cultures,  but  even  upon  these, 
transplantations  should  be  done  everj'  four  to  six  weeks,  since  the 
spores  of  this  bacillus  show  less  viability  and  resistance  than  do  those  of 
most  spore-formers. 

Pathogenicity. — Botulism,  or  allantiasis,  aa  noticed  in  human  beings, 
is,  as  far  as  we  know,  always  due  to  ingestion  of  infected  meat,  usu.illy 
of  ham,  canned  meats,  or  sausages  (hotulus  =  sausage).  Sj-mptonis 
appear  only  after  a  definite  pcriotl  of  incubation  which  varies  from 
twenty-four  to  forty-eight  hours.  The  first  definite  sjTnptoms  are 
chilliness,  trembling,  and  gidtliness.  These  manifestations  are  soon 
followed  by  headache,  occa-sionally  by  vomiting.  In  contradistinction 
to  the  meat  poisonings  caused  by  other  microorganisms,  those  due  to 
Bacillus  botulinus  may  show  few  or  no  symptoms  directly  referable  to 
the  intestinal  tract.  The  chief  diagnostic  characteristics  of  the  disease 
are  a  group  of  symptoms  referable  to  toxic  interference  with  the  cranial 
nerves.  Ix)ss  of  accommodation,  dihited  pupils,  ptosis,  aphonia,  and 
dysphagia  may  occur.  Fever  is  usually  absent.  Consciousness  is  rarely 
lost.  The  characterist  ic  sjinptonis  may  be  produced  in  various  animals 
by  injection  of  living  cultures  or  culture  filtrates,  i.e.,  toxins.  The  most 
susceptible  animals  are  guinea-pigs.  These  may  be  killed  by  the  injec- 
tion of  minute  quantities  of  bouillon  cultures  or  of  toxin.  Preceding 
death,  which  occurs  within  twenty-foiir  to  thirty-six  hours,  there  may 
be  general  motor  paralysis,  dyspnea,  and  hj-persecretion  of  mutnis  from 
nose  and  mouth.    Guinea-pigs  may  be  infected  per  os  as  well  as  by 
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hypodermic  inJRctions.  Cats,  mire,  and  monkeys  are  highly  susceptible; 
rabbits  are  less  so,  but  still  favoralile  subjects  for  experimental  studies. 
Birds,  especially  pigeons,  arc  liip;hly  resistant,  but  react  tj-pically  to 
large  doses.  Autopsies  upon  man  or  animals  dead  of  botulism  show 
general  hyperemia  of  the  organs  with  much  parenchymatous  degenera- 
tion and  many  minute  hemorrhages. 

The  baciQi  have  been  found  in  the  spleen  after  death,'  but  Van 
Ermengem  does  not  believe  that  they  are  generally  distributed  during 
the  course  of  the  disejuse.  It  is  b'elieved  by  most  of  those  who  have 
studied  this  disease  that  poisoning  in  the  himian  subject  is  due  to  the 
toxins  preformed  and  ingested  within  the  infected  meat  by  this  bacillus. 
Experiments  have  shown  that  little  or  no  poison  is  produced  by  the 
bacilli  after  gaining  entrance  to  the  hmnan  or  animal  bofly. 

The  Toxin  of  B.  botullnus. — Bacillus  botulinus  produces  disease 
chiefly  by  means  of  a  strong  soluble  toxin  secreted 'by  it,  and  absorbed 
by  the  infected  subject.  This  toxin  is  active  in  animals  and  presimnably 
in  man,  not  only  when  injected  subcutaneously,  but  also  when  intro- 
duced through  the  gastrointestinal  canal.  The  poison  has  l)een  par- 
ticularly studied  by  Brieger  and  his  coUalxtrators.  It  is  obtained  in 
filtrates  of  alkaline  bouillon  cultures.  It  has  been  precipitated  out  of 
the  filtrate  by  Brieger  and  Kempner  *  by  means  of  a  three  per  cent  zinc 
chlorid  .solution  (2  volumes  of  3  per  cent  ZnCl,).  Tlie  toxin  thus  ol>- 
tained  wa.s  sufficiently  powerful  to  kill  a  250-gram  guinea-pig  in  fifty 
hours. 

Specific  action  of  the  toxin  for  the  nerve-cells  of  the  spinal  ganglia 
has  been  shown  l>y  Marinesco.'  A  specific  antitoxin  has  been  produced 
by  Kempner  and  Pollack.* 
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'  Strichl,  Quotml  from  Van  Enncngem,  in  KoUc  und  Waasennanii. 

*  Brieger  und  Keminier,  I>eut.  lued.  Woch.,  xxxiii,  1897. 

'  Marinaco,  Compt.  rend,  dc  I'acad.  dee  sci.,  Nov.,  1896. 

*  Kempner  und  Pollack,  Dcut.  med.  Woch.,  xzxii,  1897. 
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In  view  of  the  clinical  manifestations  of  tuberculosis,  it  is  not  sur- 
[ prising  that  the  infectious  nature  of  the  disease  has  Vjoen  suspected  for 
[many  centuries.    Even  Fracastor  had  remarkably  modern  ideas  concern- 
ling  its  transmission.    Inoculation  liy  means  of  tuberculous  material  was 
first  successfully  accomplished  by  Klem*ke,  in  1S43,  ami,  more  elabo- 
rately, by  Villemin,'  in  1.S65.     It  wa.s  not  until  18S2,  however,  that 
1  Koch '  succeeded  in  isolating  and  cultivating  the  tubercle;  bacillus, 
;  Baumgarten '  had  pre\'iou.'sly  seen  the  bacillus  in  tissue  sections,  but  his 
researches  were  limiteil  to  purely  morphological  observations.     Koch, 
in  addition  to  demonstrating  the  bacillus  in  tuberculous  tissues  from 
various  sources,  producetl  characterist  it-  lesions  in  guinea-pigs  and  other 
animals  by  infecting  them  with  pure  cultures,  and  established  beyond 
doubt  the  etiological  relationship  of  the  bacillus  to  the  disease. 

Moiphologj. — Tubercle  bacilli  appear  as  slender  rods,  2  to  4  micra 
in  length,  0.2  to  0.5  micra  in  width.  Their  ends  are  usually  rounded. 
The  rods  may  be  straight  or  slightly  curved;  their  diameters  may  be 
uniform  throughout;  more  often,  however,  they  appear  beaded  and 
irregularly  stained.  The  beaded  appearance  is  due  to  different  cau.ses. 
Unstained  spaces  may  occur  along  the  body  of  the  bacillus,  especially 
in  old  cultures.  These  are  generally  regarded  as  vacuoles.  The  bodies 
of  the  bacilh,  on  the  other  hand,  may  bulge  slightly  heir  and  then;, often 
in  three  or  four  places,  showing  oval  or  rounded  knobs  which  stain  with 
great  depth  and  are  very  resistant  to  decolorization.  These  thickenings 
were  formerly  regarded  as  spores,  but  in  view  of  the  fact  that  the  bacilli 
are  not  more  resistant  against  heat  and  disinfectants  than  other  vegeta- 
tive forms,  this  interpretation  is  probably  incorrect.  The  bacilli  ar(>  said 
to  possess  a  cell  membrane  which  confers  upon  them  their  resistance 
against  dryii^  and  entrance  of  stains.  This  membrane  givt^  a  cellulose 
reaction  and  is  believetl  to  contain  most  of  the  wa.vy  substances  which 
can  be  extracted  from  the  cultures. 


>  Vaiemin,  Gai.  hebdom.,  1865. 

>  Koch,  Berl.  kltn.  Woch.,  1882;  Mitt.  a.  d.  kau.  Gceundhpitsamt,  1884. 
*BaumgarUn,  Virchow'a  Arch.,  Ixxxii, 
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Various  observers,  notably  Nocartl  antl  Roux,'  Mafucci,'  and  Klein,' 
have  demonst rated  branched  forms  of  the  tubercle  bacillus.  These  ob- 
servations, variously  extended  and  confirmed,  make  it  probable  that 
Bacillus  tuberculosis  is  not  a  member  of  the  family  of  schizomj'cctes, 


Fia.  103.— TuBEKCUB  Baciixi  in  Sputoji. 

but  belongs  rather  to  the  higher  bacteria,  closely  related  to  the  actino- 
myces. 

Staining. — Tubercle  batiHi  do  not  stain  easily  witl^  the  ordinary 
anilin  dyes;  to  these  they  are  made  permeable  only  by  long  ex|)osun? 
or  by  heating  of  the  staining  solution.  Once  stained,  however,  the  dye 
is  tenaciously  retained  in  spite  of  treatment  with  alcohol  and  strong 

'  Nocard  et  Roux,  Ann.  de  I'mat.  I'astaur,  1.S87.  '  Ma/ueet,  Zeit,  f.  Hyg.,  ii. 

•  Klein.  C«nt.  f.  Bakt.,  1S90. 
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rocids.  For  this  reason,  this  barillas,  together  with  some  other  bacteria 
I  to  be  mentioned  later,  is  spoken  of  uh  "  acid-fast."  The  acid-fast  nature 
fof  the  bacillus  seeniH  to  depend  upon  the  fatty  Hub.stanees  contained  in 
[it,"  and  has  fumishetl  the  basis  for  differential  staining  methods.  All 
the  staining  methods  tlcvLsed  for  the  recognition  of  the  tubercle  bacillus 
thu.s  depend  upon  the  use  of  an  intenselj-  penetrating  .ntuining  solution, 
followed  by  vigorous  decolorization  which  deprives  all  but  the  acid-fast 
group  of  their  color.  Counterstains  of  any  of  the  weaker  dyes  may 
then  be  used  to  stain  the  decolorized  elements.  One  of  the  first  of  the 
staining  solutions  to  be  of  practical  use  was  the  anilin-water-gentian- 
violet  solution  of  Ehrlich '  (11  c.c.  saturated  alcoholic  gentian-violet 
to  S9  c.c.  5  per  cent  anilin  water).  This  dye,  althougli  of  sufficient 
penetrating  power,  has  the  disadvantage  of  deteriorating  rapidly  and 
has  in  practice  been  almost  entirely  displaced  by  Ziehl's  ^  carbol-fuchsin 
solution.  (Fuclisiu  1  gm.  in  10  c.c.  alcohol  absolute,  added  to  90  c.c. 
5  per  cent  carbolic.)  This  staining  solution  is  the  one  now  in 
general  use  and  is  employed  as  follows:  Thin  smears,  on  slides 
or  cover-slips,  arc  covered  with  the  dye  and  gently  heated.  In 
the  case  of  cover-glasses,  these  may  be  floated,  face  downward, 
in  staining  dishes  filled  with  the  dye.  The  dye  is  allowed  to  act 
for  about  three  minutes,  steaming  but  not  allowed  to  boil.  At  the 
end  of  this  time  the  preparation  is  wa<*hed  either  with  5  per  cent 
nitric  acid,  5  to  20  per  cent  sulphuric  acid,  or  1  per  cent  hydro- 
chloric acid,  until  most  of  the  red  color  has  disappeared  (a  few 
seconds),  and  the  preparation  appears  pale  pink.  This  results  in 
decolorization  of  all  microorganisms  with  the  exception  of  members 
of  the  acid-fast  group.  Thorough  washing  in  SO  to  Do  per  cent  alcohol 
is  now  employed  to  complete  the  decolorization.  The  preparation 
is  then  rinsed  in  water  and  countcrstained  with  1  per  cent  aqueous 
methylene-bluc. 

Tubercle-bacillas  staining  has  been  further  simplified  by  Gabbett,* 
who  combines  decolorization  and  counterstaining.  In  this  method 
preparations  are  stained  with  Ziehl's  carbol-fuchsin  as  in  the  preceding; 
they  are  then  rinsetl  in  water  and  covered  with  a  solution  containing 
methylene-bluc  1  gram,  concentrated  sulphuric  acid  2o  grams,  and 
distilled  water  100  c.c.      This  is  allowed  to  act  for  from  two  to  four 

1  Bieruioek,  Fort.  d.  Med.,  1886;   Weyl,  Deut.  xaed.  Woch.,  18S1. 

•  Ehrlich.  Dcut.  riieil,  Woch.,  1882;   Weigert,  Deut.  mwl.  Woeh.,  1885. 

» ZiM,  Deut.  inetl.  Woch.,  1883;  Neelaen,  "  Lehrb.  d.  allg.  Path.,"  1894. 

•  Galbett,  Lancet,  1887. 
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minutea,  at  the  end  of  which  time  all  elements  in  the  preparation  except 
the  acid-fast  bacilli  will  be  decolorized  and  counterstained. 

Tubercle  bacilli  in  very  young  culture  are  often  not  acid-fast  and  it 
is  not  always  possible  to  demonstrate  acid-fast  bacilli  in  pus  from  cold 
abscesses  in  sputum,  in  serous  exudates,  and  in  ^anulomatous  lesiona 
of  the  lymph  nodes  which  can  be  shown  by  animal  inoculation  to  be 
tuljerculous.  Much '  demonstrated  in  such  material  Gram-positive 
granules  which  lay  singly  in  short  chains  or  in  irregular  clumps,  and 
which  he  believed  to  be  non-acid-fast  tubercle  bacilli.  He  found  similar 
granules  in  cultures  of  tubercle  bacilli  which  showed  on  further  incuba- 
tion numerous  acid-fast  bacillary  forms.  His  work  has  been  repeatedly 
confirmed,  and  there  seems  little  doubt  but  that  these  granules  are  really 
tul>erclc  bacilli.  Their  demonstration  is  not,  however,  of  great  diag- 
nostic value,  as  other  Imcilli  form  granules  of  the  same  appearance. 
Small  rods  and  splinters  are  also  found  which  stain  by  Gram's  method, 
but  not  i)y  carbol-fuchsin.* 

To  find  "Much's  granules,"  smears  or  sections  are  steamed  in  a 
solution  of  methyl  violet  B.N.  (lOc.c.  of  saturated  alcoholic  solution 
of  the  dye  in  100  c.c.  of  distilled  water  containing  2  per  cent  phenol). 
They  are  then  treated  with  Gram's  iodine  solution  1-5  minutes;  5  per 
cent  nitric  acid  1  minute;  3  per  cent  hydrochloric  acid  10  seconds;  ab- 
solute alcohol  and  acetone  equal  parts,  until  decolorized.  The  granules 
may  be  stainetl  by  other  modifications  of  Gram's  method.  Weiss* 
has  devised  a  combination  stain.  One  part  of  Much's  methyl  violet 
is  mixed  with  three  parts  of  Ziehl's  carbol-fuchsin  and  filtered;  slides 
are  stained  for  24  to  48  hours  in  the  mixture.  They  are  then  decolorised 
as  in  Much's  method  and  counterstained  with  Bi.smarck  brown  or 
safranin  1  per  cent.  Both  acid-fast  and  Gram-positive  forms  are 
stained  by  this  method  and  in  the  red  may  be  seen  blue-black  granules. 

While  the  acid-fast  group  of  bacteria  is  composed  of  a  number  of 
organisms  to  be  mentioned  later,  a  few  only  of  these  offer  difficulties  of 
differentiation  from  the  tubercle  bacillus.  Those  to  be  considered 
practically  are  the  bacillus  of  leprosy  and  that  of  smegma.  The  latter 
bacillus,  because  of  its  distribution,  is  not  infrequently  found  to  con- 
taminate feces,  urine,  or  even  sputum,  and  it  is  important  to  apply  to 
suspected  specimens  one  or  the  other  of  the  stains  devised  for  the 
differentiation  of  the  smegma  Imcillua  from  Bacillus  tuberculosis.    The 

^Afueh,  Berl.  klin.  Woch.,  1908.  xlv,  700. 

'  LitbermtiiUr,  Deutsche  med.  Woch.,  1909,  xxxv,  1324. 

» Wew,  Berl.  klin.  Woch.,  1909,  xlvi,  1797. 
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one  most  frequently  cmi>toyed  is  that  of  Pappcnbcim.'  The  preparations 
are  staiiufi  in  hot  carbol-fuchsin  as  Ix'fore;  tlio  carbol-fuchsin  is  then 
poured  off  without  washing  and  the  preparation  immersed  in  a  sohition 
made  by  saturating  a  1  per  cent  alcoliolic  solution  of  rosolic  acid  with 
methylene-bUie  and  atlding  20  i^er  cent  of  glycerin.  In  such  prepara- 
tions tubercle  bacilli  remain  red,  smegma  bacilli  appear  blue. 

Stained  by  Gram,  tulxTcle  bacilli  retain  the  gentian-violet. 

When  tubercle  bacilli  are  very  sparsely  present  in  sputum  and 
other  material  it  may  be  impossible  to  find  them  by  direct  examination, 
and  often  the  only  method  of  finding  them  will  be  animal  inoculation. 
However,  a  number  of  methods  have  been  devised  by  which  the  bacilli 
ma3'  be  concentrated  in  such  a  way  that  they  may  be  found  even  when 
a  few  only  are  present.  One  of  these  is  to  add  peroxide  of  hydrogen  to 
the  sputum.  By  this  the  mucus  is  dissolved  out  and  the  solid  piuticles 
settle  or  may  be  centrifugalized.  A  method  very  commonly  employed 
to-day  is  that  which  depends  on  the  u.se  of  "antiformin."  This  is  a 
preparation  used  extensively  for  the  cleansing  of  vats  in  breweries. 
It  is  described  by  Rosenau  '  as  consisting  of  equal  parts  of  liquor  sodae 
chlorinatiB  and  a  15  per  cent  solution  of  caustic  soda.  The  formula  for 
liquor  soda;  chlorinatai  he  gives  as: 

Sodium  carbonate 600 

Chlorinated  lime 400 

Distilled  water 4,000 

If  .sputum  is  poured  into  a  10  to  15  per  cent  solution  of  antiformin 
and  allowe<l  to  stanil  for  .several  hours,  most  of  the  other  elements  of 
the  sputum,  cells,  and  bacteria,  will  cliasolve  out,  and  acid-fast  bacilli 
be  left  in  the  residue.  Strangely  enough  they  are  not  killetl  by  this 
process  and  if  sufficiently  washed  may  be  cultivated  or  can  produce 
lesions  in  guinea-pigs. 

Isolation  and  Cultivation. — Tubercle  bacilli  ai.  not  easily  cultivated. 
Their  slowness  of  growth  precludes  isolation  by  plating.  The  first  isola- 
tions by  Koch  *  were  made  upon  coi^ulated  Wood  senun  from  tuber- 
culous tis.sue. 

Isolation  from  tuberculous  material  may  be  aided  by  inoculation 
into  guinea-pigs.     These  animals  will  withstand  the  acute  infection 

^  Pappfn}ieim,  Bcrl.  klin.  Woch.,  1898. 

' Rotenau,   "Preventive  Medicine  and  Hygiene,"   D.  Appleton,   N.  Y.,   1913; 
UUenhulh,  berl.  klin.  \\och.,  No.  29,  1908. 
'  Koch,  loc.  cit. 
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proiluced  by  the  contaminating  organisms  and  succumb  later  (four  to 
six  wpcks)  to  tuberculosis.  The  bacilli  may  then  bt*  obtaiuetl  l>y  culti- 
vations from  Ijiiipli  nodes  or  otlier  foci  which  contain  only  tulxrclc 
bacilli.  When  isolation  frum  sputum  is  attempted,  whether  directly 
or  l>y  niean.s  of  animal  inoculation,  the  sputum  may  be  rendered  com- 
paratively free  frmn  contaminating  bact<>ria  by  washing.  The  sputum 
is  rinsed  in  running  water  to  free  it  froiti  pharyngeal  mucus.  It  is  then 
wa.shcd  in  eight  or  ten  changes  of  sterile  water.  The  material  selecteti 
is  taken  from  the  center  of  the  washed  ma.ss,  if  possible  from  the  flakes 
of  caseous  material  visible  in  such  sputum. 

For  the  isolation  of  tubercle  bacilli  from  sputum  and  other  materially  in 
which  contamitiatiiig  Imctcria  of  other  spc'cips  an"  present,  Petroff '  has  devised 
an  cxrellcnt  mctho<l  wjiich  has  Ijecn  tried  out  and  used  with  success  in  our 
laboratory  by  Dr.  H.  R.  Miller.  The  principles  on  which  Petroff's  metliod 
rests  are,  first  of  all,  the  bactericidal  power  of  3%  sodium  liydroxid  on  non- 
acid-fast  bacteria,  and  the  selective  action  of  dyes  like  gentian  violet  on  bac- 
terial growth,  as  first  practically  utilized  by  Churchman  (Sec  page  140). 

The  medium  used  by  Petroff  is  mode  as  follows: 

I.  Meat  J  uice.  500  grams  of  beef  or  veal  are  infused  in  JJOO  c.c.  of  a  15% 
solution  of  glycerin  in  wiiter,  in  a  cool  place,  .\fter  24  hours  the  meat  is  squeezed 
in  a  sterile  pi-ess  and  the  infusion  collected  in  a  sterile  beaker. 

II.  Eggx.  The  shells  of  the  eggs  arc  sterilised  by  10  minute  immeruon  in 
70%  alcohol.  They  are  broken  into  a  sterile  beaker,  well  mixcnl  and  filtered 
through  sterile  gauze.  One  part  of  meat  juice  is  atlded  to  two  parts  of  egg  by 
vohnuf. 

III.  Gentian  Viokl.  1%  alcoholic  solution  of  gentian  violet  b  added  to 
make  a  final  pro[M>rtion  of  1  :  10,000. 

The  three  ingredients  are  well  mixed.  Tlie  mediimi  is  tubed  and  inspissated 
as  usual. 

Petroff  n'commcnds  for  s])utum  the  following  technique:  Equal  parts  of 
sputum  and  3%  sodium  hydroxid  are  shaken  and  incubated  at  38°  C.  for  15  to  30 
minutes,  the  time  dciK'nding  on  the  consistency  of  the  sputum.  The  mixture 
is  neutraUze<l  to  littiius  with  liydrocUoric  acid  and  centrifugalized.  The  sedi- 
ment i.s  inoculated  into  the  medium  dcscrihwl  al)ove.  Pure  cultures  are  ob- 
tained in  a  large  projwrtion  of  cases. 

Petroff's  method  has  been  appUe<i  by  him  to  feces,  in  which  the  problem 
is  made  more  itiflirult  by  the  presence  of  many  si>ore-formcrs  which  resist 
sodium  hydroxid.  Feces  is  collectei!  and  diluted  with  three  volumes  of  water, 
and  then  filtered  through  .several  thicknesses  of  gauze.  The  filtrate  is  satu- 
rated \v'ith  sodium  clilorid  and  left  for  half  an  hour.    The  floating  film  of  bao- 


'  Petroff,  Johns  Hopkins  Uusp.  Bull.,  vol.  xxvi,  No.  294,  August,  1915,  p.  276. 
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toria  is  collectod  in  a  widcvmouthotl  liottle  and  an  equal  volume  of  normal 
axliuin  hydroxid  is  added.  Tliis  is  shaken  and  left  in  the  incubator  for  three 
hours,  shaking  o'ery  half  hour.  It  ia  then  neutralized  to  litmus  with  normal 
hydrochlorie,  ccntrifugalized,  and  the  sediment  planted. 

On  blood  serum  at  37.5°  C,  colonips  bopomc  visiKlo  at  thr  end  of 
eight  to  fuurt<^en  days.  They  appear  i\s  small,  dry,  scaly  spots  with 
corrugated  surfaces.  After  three  or  four  weeks,  these  join,  covering 
the  surface  as  a  dry,  whitish,  wrinkled  membrane.  Coagulated  dog 
8»^rum  is  regardeil  hy  Theolmld  Smith  '  as  a  favorable  media  for  the 
growth  of  tubercle  bacilli. 

Slants  of  agar,  to  which  whole  rabbU'.'i  blood  has  Vjeen  adiled  in  quan- 
tities of  from  1  to  2  c.c.  to  each  tube,  make  an  excellent  medium. 

Cultivation  methods  were  simplified  by  the  discovery  by  Roux  and 
Nocard  that  glycerin  facilitates  cultivation.  Upoa  glycerin-agar  (gly- 
cerin 3  to  6  per  cent),  at  37.5°  C,  colonies  become  visible  at  the  end  of 
from  ten  days  to  two  weeks. 

Glycerin  bouillon  (made  of  beef  or  veal  with  pepton  1%,  glycerin  six 
per  cent,  .slightly  alkaline)  is  a  favorable  medium.  It  should  be  filled, 
in  shallow  layers,  into  wide-mouthed  fliisks,  since  oxygen  is  essential. 
Transplants  to  this  medium  should  be  made  by  carefully  floating  flakes 
of  the  culture  upon  the  surface.  In  this  medium  the  bacilli  will  spread 
out  upon  the  surface,  at  first  as  a  thin,  opaque,  floating  membrane. 
This  rapidly  thickens  into  a  white,  wrinkled,  or  granular  layer,  spreiiding 
over  the  entire  surface  of  the  fluid  in  from  four  to  six  weeks.  Later, 
portions  of  the  membrane  sink.  In  old  cultures,  the  membnme  becomes 
yellowish.    These  cultures  emit  a  peculiar  aromatic  odor. 

Glycerin  potato  forms  a  favorable  culture  medium  for  the  bacillus. 

Hesse '  has  devised  a  medium  containing  a  proprietarj'  preparation 
known  lis  "Nahrstoff  Heyden,"  upon  which  tuliercle  bacilli  are  said  to 
proliferate  more  rapidly  than  other  bacteria.  His  method  has  yielded 
excellent  residts.    It  is  prepared  as  follows: 

"Nahrstoff  Heyden"' 10  grams 

Sodium  ohlorid 5      " 

Glycerin .30      " 

Agar 10      " 

Normal  sodium  solution 5  c.c. 

Aq.  dest 1,000    " 

'  Th.  Smilk,  Jour.  Exp.  Med.,  iii,  1898. 

•  Hesiie,  Zeit.  f.  Hyg.,  xxxi.  '  "Nahrstofl  Heydeu"  is  prepared  in  Germany. 

It  18  a  white  powder  (limilar  to  nutruae. 
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Biological  Considerations. — The  tubercle  bacillus  is  dependent  upon 
the  access  of  oxygen.  Its  optimum  temperature  is  37.5"  C.  Tem- 
peratures Ix'Iow  30°  ;ui(l  iilxjve  42°  V.  iniiibit  its  Rro^vth.  In  fluid  ni<-din, 
the  hiicilli  are  killed  !)>•  00°  in  fifteen  to  twenty  minutes,  by  80°  in  five 

minutes,  by  90°  in  one  to  two  min- 
utes. They  will  witlistand  dry  heat 
at  100°  C.  for  one  hoiu-.  They  arc 
resistant  to  cold.  The  comparatively 
high  powers  of  resistance  of  the  bjK-il- 
lus  are  attributed  to  the  protective 
qualities  of  the  wa.\y  cell  membrane.' 
The  life  of  cultures,  kei)t  in  favor- 
able environment,  is  from  two  to  eight 
months,  varjang  to  some  extent  with 
the  nature  of  the  culture  meilium. 
The  viability  of  the  bacilli  in  sputum 
Ls  of  great  hygienic  importance.  In 
most  sputum  they  may  remain  alive 
and  virulent  for  Jis  long  !vs  six  weeks, 
in  dried  sputum  for  more  than  twx) 
months.^ 

live  per  cent  carbolic  acid  Kills 
the  bacilli  in  a  few  minutes.'  Used 
for  sputum  disinfection,  where  the 
bacilli  are  protected,  complete  disin- 
fection requires  five  to  six  hours.  Bi- 
cldoride  of  mercury  is  not  very  efficient 
for  sjjul  um  because  of  the  format  ion 
of  albuminate  of  mercury.  For  room 
disinfection,  fonnaldchydc  gas  is  eCBcient.  Direct  simlight  kills  in 
a  few  hours. 

Pathogenicity. — The  tubercle  bacillus  gives  rise  in  man  and  suscep- 
tible animals  to  speeifie  inflammation  which  is  so  characteristic  that  a 
diagnosis  of  tuberculosis  may  W:  made  by  histological  examiuation, 
even  without  the  finding  of  tubercle  bacilli.  The  foci  known 
as  tubercles  have  been  studied   by  Baumgarten  *  and  many  others 

'  Th.  Smilh,  .loiir.  Expcr.  Mp<I..  1S99;  Grawhcr  ct  I^doux-Lebard,  Arch,  de  urfd. 
exjidr.,  18»>2;  Gallirr,  C<>mpl.  rend,  de  I'ucad.  dca  sci.,  1.SS7. 
*ScIkU  urid  Finrhir,  Milt.  ».  d.  kaia.  Gesundheitsamt,  ISS4. 
»  Dr  Toma,  Ana.  di  iiied.,  1886.  * Baumgarlen,  Berl.  klin.  Wcxh  ,  lUOl. 
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and  descriptions  may  lie  found  in  any  text-book  of  pathological 
anatomy. 

In  man,  tubfrculosis  is  the  most  common  of  disoasos.  Narypli's  sta- 
iistin^,  l)asetl  on  a  large  9«>ries  of  autopsies,  siiow  not  only  the  frequ<'ncy 
of  the  disease,  but  its  relation  to  age.  Before  one  year  of  age,  he  finds  it 
ver)'  rare.  From  the  first  to  the  fifth  year  it  is  rare,  liut  nsu:iily  fatal. 
From  the  fifth  to  the  fourteenth  year,  on<vthird  of  his  cases  showed 
tuberculosis;  from  the  fourteenth  to  the  eighteenth  year,  one-half  of 
the  cases.  Between  eighteen  and  thirty,  almost  all  the  cases  examined 
showed  some  trace  of  tuberculous  infection.  Threi>-quarters  of  these 
were  active,  one-quarter  healed.  Two-fifths  of  all  deaths  occurring  at 
these  ages  were  due  to  tuberculosis.  After  the  iige  of  thirty,  active 
lesions  gr:wlually  diminished,  healed  lesions  increastnl. 

In  1900  Pr>'or  ^  stated  that  the  average  yearly  mortality  from 
tubt^rculosis  in  New  York  amounted  to  6,(XX),  and  that  in  Manhattan 
alone  there  were  constiintly  20,(X)0  tulnTfuIous  persons.  Cornet  ^  esti- 
mates that  in  1894  the  deaths  in  Gennanj'  from  all  otlier  infectious 
disejises  amounted  to  116,705,  those  from  tuhcrculdsis  alone  to  123,904. 
Similar  statistics  might  Ite  chosen  from  the  licaith  ruports  of  any  large 
city.  While  the  di-sease  is  less  common  in  rural  districts  than  in  large 
towns,  the  ilifference  is  not  so  striking  as  is  generally  supposed. 

In  man,  pulmonary  infection  is  the  commonest  tjpe.  Besides  this, 
tuberculous  processes  may  be  found  in  the  skin,  the  bones,  the  joints, 
the  organs  of  special  sense,  aiui  the  alxlominal  viscera  antl  p)erit.oneum. 
No  part  of  the  human  botly  is  exf^mpt  from  the  danger  of  infection. 

Infection  in  man  may  take  place  by  iidialation,  through  the  skin 
or  the  digestive  apparatus.  V.  Behring '  h:us  expresstvi  the  Ix'lief  that 
&  large  percentage  of  all  ca.sf.s  of  tuberculosis  originate  in  childhood 
from  infection  through  the  intestinal  tract.  He  determined  that 
tubercle  bacilli  may  p«metrate  the  intestinal  mucosa  without  causing 
lesions.  Bchring's  contention  has  caused  a  great  deal  of  discussion, 
and  the  question  he  has  raised  Ls  intimately  Ixtund  up  with  the  problem 
of  the  virulence  of  IjON-ine  tuliercle  bacilli  fur  human  beings,  ;is  he  :xs- 
sumes  th.at  tlie  infection  is  due  to  the  use  of  iiifet;ted  milk. 

The  problem  is  plainly  of  the  greatest  importance,  and  for  this 
reason  has  been  tliligently  investigat-ed  during  the  last  few  years.  The 
only  reliable  method  of  approaching  it  has  Iwen  to  isolate  the  tubercle 

>  Pryor,  Med.  News,  Ixxvii,  1900. 

•Comet,  "Die  Tubcrculose,"  Wien,  1.S99,  p.  1. 

•r.  Behring,  Deut.  med.  Woch.,  39,  1903. 
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bacilli  from  diseased  human  beings  and  determine  for  each  case  whether 
the  guilty  organism  Iielonged  to  the  human  or  Ixjvine  type.  These 
types  can  \ye  differentiated  definitely  by  eviltural  characteristies  and 
pathogenicity,  and  it  is  not  likely  that  the  t>T3e  changes  during  the 
sojourn  in  the  liuman  body.  Granted  this  permanence  of  type,  it  is 
natiinilly  of  much  value  in  revealing  the  source  of  an  infection,  to  de" 


COMBINEO   TaBDLATION,   CaSES   REPORTED   AND  OwN   SkRUBS   Or  CaSBS 

(From  Park  and  Knuuwiede,  loe,  eit.) 
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Ciencralizi'd  tuberculosis  alimentary  origin.  . . . 

Generalized  tuberculosis 

GeneraJize<l  tubercvilosis,  including  meninges, 

alimentary  urifcin 

Generalized  tuberculosis,  including  meninges.  . 

Tuljorculous  rneniiinitis 

Tubcrculosi.-)  of  Ixiuea  and  joints 

Genito-uriniiry  tuberculosis 

Tuberculosis  of  skin ^ 

MuicrUaneou§  Gates: 

Tuberculosis  of  tonsils 

Tubennilosis  of  mouth  and  cervical  nodes 

Tuberculous  sinus  or  absoeaaes 

Sepsis,  latent  bacilli 
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Mixed  or  double  infections,  4  causes. 

termine  whether  or  not  a  human  being  is  harboring  a  bacillus  of  the 
human  tj-pe  or  one  of  the  bovine  t^-pe. 

One  of  the  most  valuable  contributions  made  to  this  problem  during 
the  last  three  years  is  that  of  Park  and  Krumwicde.'  The  above 
tabulation  is  taken  from  their  papn^r  and  represents  a  sunmmrj'  of  their 
own  cases  and  those  reported  by  others. 


>  Park  and  KrumuHaLe,  Jour.  o(  Mod.  Ite«.,  Uct..  1910. 
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From  this  tabic  it  is  evident  that  out  of  a  total  of  1,042  cases,  101 
only  were  bovine  in  origin  and  over  50  per  cent  of  these  occurred  in 
children  under  five  years  of  age.  Fifty-one  out  of  the  59  cases  occurring 
in  the  161  infants  were  directly  or  indirectly  traced  to  alimentary  in- 
fection. 

It  seems  reasonably  accurate,  therefore,  to  state  the  case  as  follows: 
Human  adults  are  relatively  insusceptible  to  bovine  infection.  Sucli 
infection  can  take  place,  but  is  unusual.  Below  Iti  years  of  age  the 
human  race  is  relatively  more  susceptible  and  up  to  this  age  the  danger 
of  milk  infection  is  unquestionably  preat,  this  source  accounting  for 
alKiut  one-third  of  the  cases.  Below  5  years  the  danger  is  greatest. 
This  table  alone  should  form  sufficient  evidence  to  silence  absolutely 
any  doubts  as  to  the  dangers  of  milk  infection  and  remove  any  objections 
to  the  most  rigid  sanitary  control  of  milk  supplies. 

On  the  other  hand,  it  also  shows  that  Behring's  original  claims  were 
far  too  sweeping  and  can  not  l>e  upheld. 

Rosenberger  '  hius  recently  reported  finding  tubercle  bacilli  in  the 
circulating  blood  of  all  cases  of  human  tuberculosis  which  he  examined. 
This  announcement  aroused  much  interest  and  has  led  to  many  investi- 
gations Ijy  other  workers.  Rosenberger's  results  were  obtained  by  mor- 
phological examination  of  smears  of  citrated  blood  taken  from  the 
patients,  dried  upon  slides  and  hiked  with  distilled  water.  Many  other 
observers  have  failed  to  confirm  Ro.senberger's  results.  Anderson'  ex- 
amined 47  cases  in  which  tubercle  bacilli  were  found  in  the  sputum  and  one 
case  of  joint  tuberculosis.  In  none  of  these  48  Civses  was  he  able  to  obtain 
tulx-rcle  bacilli,  either  by  morphological  examination  nor  by  guinea-pig 
inoculation.  Brem '  subsequently  found  that  laboratory  distilled  water 
maj'  frequently  contain  acid-fast  saprophjtes — a  fact  which  may 
account  in  many  cases  for  errors  when  morphological  examination  alone 
is  relied  upon  and  blootl  examined  by  the  technique  of  Rosenberger. 
This,  too,  is  suggested  by  the  finding  of  acifl-fast  bacilli  in  the  bloo<t  of 
perfectly  healthy  individuals.  Therefore,  although  the  bacilli  may  be 
present  in  the  blood  in  a  certain  munber  of  cases  it  iloes  not  seem  likely 
that  they  are  so  distributed  in  anything  like  the  high  percentages  found 
by  Ro.scnbcrger.* 

Bacillus  tuberculosis   (typus  humanus)   is  pathogenic  for  guinea- 

'  Roitnberger,  .\m.  Jour,  of  Med.  Be..,  cx.xxvii,  19()0. 

'  A«rftT«07»,  U.  S.  P.  li.  Service,  Hygienic  Lab.,  Bull.  57,  1909. 

>  Brem,  Jour.  A.  M.  A.,  liii,  1909. 

•SuiuJh'  and  Taknki,  Centrnlbl.  f.  Bakt.,  L\i,  1911. 
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pigs,  less  markedly  for  rabbits,  and  still  less  so  for  dogs.  It  is 
slightly  pathogenic  for  cattle,  a  question  spoken  of  more  extensively 
below. 

Chemical  Analysis  of  Tubercle  Bacilli.' — Diligent  efforts  by  many 
investigators  to  i.sulate  the  specific  toxiii.s  which  lend  tubercle  bacilli 
their  pathogenic  properties  have  led  to  careful  chemical  analysis  of  the 
organisms.  Alx)ut  85.9  per  cent  of  the  liacillus  consists  of  water;  20 
to  26  per  cent  of  the  residue  can  be  extracteil  with  ether  and  alcohol. 
This  material  consists  of  fatty  acids  and  waxy  substances  (fatty  acids 
in  combination  with  the  higher  alcohols).  The  residue  after  alcohol- 
ether  extraction  is  composed  chiefly  of  proteitls.  These  can  Ix-  extracted 
with  dilute  alkaline  solutions,  and  consist  chiefly  of  nucleo-albumins. 
A  nuclein  ])rescnt  in  this  fraction  shows  extremely  high  toxicity  and 
has,-  therefore,  been  .susfwcted  of  i.R'ing  the  pathogenic  principle  of  the 
bacillus.  After  these  extractions  the  remainder  contains  "cellulose," 
suppo.sed  to  represent  the  framework  of  the  cell  membrane,  and  an  ash 
rich  in  calcium  and  magnesium. 

Tozins  of  the  Tubercle  Bacillus. — The  Tubercitlins. — Filtrates  of 
bouiltun  cultures  of  Bacillus  tuberculosis'  will  occasionally  produce 
slight  emaciation  when  injected  iutxj  guinea-pigs,  and  when  achuini.stered 
to  tuberculous  subjects  in  sufficient  quantity  will  give  rise  to  marke<i 
increase  of  temperature.  It  is  likely,  therefore,  that  the  tulxTcIc 
bacillus  actually  secretes  a  soluble  toxin.'* 

The  chief  toxic  principles,  however,  of  Bacillus  tuberculosis  are 
probably  endotoxins  or  bacterial  proteins,  bound  during  cell  life  to  the 
body  of  the  bacillus.  Dead  bacilli  will  priHluce  sterile  abscesses  when 
injected  into  animals.  Prudden  and  Hodcnpyl,*  Straus  and  Gamaleia,* 
and  others,'  moreover,  have  shown  that  the  injection  of  di'a<l  and  canv 
fully  washed  cultures  of  this  bacillus  will  produce  lesions  histologi- 
cally similar  to  those  occurring  after  infection  with  the  living  germs, 
and  will  often  lead  to  marasmus  and  other  systemic  symptoms  of 
poisoning. 

The  hope  of  actively  immunizing  with  substances  obtained  from 

^  Hammertchlag,  Cent.  f.  klin.  Med.,  ISOl;  Wri/l,  Dcut.  med.  Woch.,  1801;  De 
SckioeinHz  and  Doriiri,  Jour.  Amcr.  Chcm.  Sue.,  1805;  Uamniertchlaii,  luc.  cit. 
»  Behring,  Borl.  klin.  Woch.,  1890. 

*  Straus  and  Onnuilna,  Arch.  m6A.  exp.,  1801. 

*  Denya,  "Le  Bouillon  Filtrf,"  Louvain,  VMo. 

*  Prudden  and  Uoiltnpyl,  N.  Y.  Med.  Jour,,  June,  1801;  Prudden,  ibid.,  Deo.  S» 

*  Straus  and  Gamalcia,  loc.  oil. 
'  flafucci,  Cent.  f.  allg.  Path.,  1800. 
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dead  bacilli  led  Koch  to  employ  various  methods  of  extraction  of  cultures 
for  the  manufacture  of  tuberculin. 

"OWr(*6(ro«/i/i"'(/voc/i)('*T.A.K.").— The  first  tuberculin  made  by 
Koch  is  proiluced  in  the  following  maimer:  Tubercle  bacilli  are  grown 
in  slightly  alkaline  5  per  cent  glyccrin-pepton  bouillon  for  six  to  eight 
weeks.  At  the  end  of  this  time,  growth  cea.ses  anil  the  corrugated 
pellicle  of  tubercle  bacilh,  which  during  growth  has  floated  on  the 
surface,  begins,  here  and  there,  to  ."^ink  to  the  bottom.  The  entire 
culture  is  then  heated  on  a  water-bath  at  alwut  80°  C,  until  reduced  to 
one-tenth  of  its  original  volume,  It  is  then  filtered  eitlicr  through 
sterile  filter  paper  or  through  porcelain  filters.  The  resulting  filtrate  ia 
a  rich  brown,  sjTupy  fluiti,  containing  the  elements  of  the  original  cul- 
ture medium  and  a  50  per  cent  glycerin  extract  of  the  tubercle  bacilli. 
^Vhile  the  glycerin  is  of  sufficient  concentration  to  preserve  it  indef- 
initely, 0.5  per  cent  phenol  may  be  added  as  an  additional  precaution. 
Diluti<jns  of  this  fluid  are  used  for  diagnostic  and  therapeutic  purposes. 

" New  Tubermlin" '-  (Koch)  (TA,  TO,  TK).— Koch  beUevcd  that 
the  immunity  resulting  from  treatment  with  the  old  tuberculin  was 
purely  an  antitoxic  immunity,  devoid  of  all  antibacterial  action.  The 
use  of  whole  dead  tubercle  bacilli  for  immunization  purposes,  however, 
was  impracticable;  bi'cause,  injected  subcutancously,  they  were  not 
absorbed,  and  introduced  intravenously  they  were  deposited  in  the  lungs 
and  gave  rise  to  lesions.  Koch  was  leil,  therefore,  to  resort  to  more 
energetic  extraction  of  the  bacilli  in  tlic  liope  of  procuring  a  substance 
which  could  be  easily  absorbetl  and  would  at  the  same  time  give  rise, 
when  injected,  to  antilMxiies  more  definitely  bactericidal.  By  extract- 
ing tulx^rcle  bacilli  with  dfcinurmal  NaOH,  for  three  days,  filtering 
through  paper  and  neutrahzing,  he  olitained  his  TA  (alkaUnc  tubercu- 
lin). This  jjreparation  seemed  to  fulfil  some  of  the  hopes  of  its  dis- 
coverer, but  had  the  disa<lvantage  of  often  producing  absct^sses  at  the 
points  of  injection.  Koch  then  resorted  to  mechanical  trituration  of 
the  bacilli.  The  method  he  subsequently  followed  for  tuberculin  pro- 
duction is  now  ext<'nsively  usixl,  and  is  carried  out  as  follows:  ^ 

Virulent  cultures  of  tubercli'  bacilli  are  dried  in  vacuo  and  thoroughly 
ground  in  a  mortar.  Grinding  is  continued  until  stained  preparations 
reveal  no  intact  bacilli.  (This  is  done  by  machinery  in  all  large  manu- 
factories.) One  gram  of  the  dry  mass  is  shaken  up  in  100  c.c.  of  sterile 
distilled  water.     This  mixture  is  then  centrifugalized  at  high  speed. 

'  Koch,  Cent.  f.  Bakt.,  1890;  Deut.  med.  Woch.,  1891. 

'  Koch,  Dcut.  me<l.  Woch.,  14,  1897.  •  Ruppcl,  Lancet,  March  28,  1908. 
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The  supernatant  fluid,  known  as  TO  (Tulierculin-Oberischicht),  contains 
the  water-soluble  eonstituents  of  the  Imcillus,  gives  no  precipitate  on 
the  addition  of  50  per  cent  glycerin,  and  has  the  same  physiological 
action  as  the  oltl  tuberculin.  The  residue  TH  (Tuberrulin-Ruekstand), 
after  pouring  off  TO,  is  again  dried  and  grouml  u[i,  and  again  shakrn  in 
water  and  centrifugalized.  This  proeisss  is  repcatixi  several  times, 
and  eventually,  after  tliree  or  four  repetitions,  all  the  TH  goes  into 
emulsion.  The  total  volume  of  water  usitl  fur  these  TU  extractions 
should  not  exceed  100  c.e.  All  of  the  TR  emulsions  are  then  mixe<l  to- 
gether. This  gives  TK  a  precipitate  with  .^0  per  cent  of  glycerin,  and  is 
supposed  by  Koch  to  contain  substances  important  in  prmlucing  an 
antibacterial  immunitj'.  For  purpases  of  standardization,  the  amount 
of  solid  suljstauce  in  5  c.e.  of  the  TR  is  determined  by  evaporation  m 
vacuo  and  dr\'ing.  To  the  rest  are  addetl  a  little  glycerin  and  formalde- 
hyde and  enough  water  to  allow  each  cubic  centimeter  of  the  solution 
to  contain  0.002  grams  of  solid  material.  Thus  the  culture  and  the 
medium  remaining  the  same,  fairly  acciu-ate  standardization  is  possible. 

"New  TubiTCulin-BaciUanj  Emiilinon."  ^ — In  I'.IOl,  Koch  combined 
"TO"  and  "TR"  by  putting  forth  a  preparation  referred  to  as 
"Bazillenemulsion."  This  con.sists  of  an  emulsion  of  pulverizttl  bacilli 
1  ;  100  in  distilled  water.  After  several  days  of  sinlimentation  to  re- 
move the  coarser  particles,  the  supernatant  fluid  is  poured  off  and  fifty 
per  cent  volume  of  glycerin  is  adtlcd  to  it  for  purpos<»s  of  preservation. 
This  prejiaration  contains  5  milligrams  of  solid  substance  in  each  cubic 
centimeter. 

Bouillon  Fillri  {Denijn)? — This  preparation  consists  of  the  filtrate 
(through  fhamliertand  filters)  of  5  per  cent  glycerin-pepton-lwuillon 
cultun-s  of  Bacillus  tuberculosis.  Phenol  0,2o  per  cent  is  addetl  to 
insure  sterility.  The  filtered  bouillon  corresponds  to  the  unconcentrated 
old  tuberculin  of  Koch,  but,  not  having  been  heated,  is  suppo.ie<l  by 
Denys  (o  contain  imp<jrtant  .soluble  and  possibly  thermolabile  secretory 
products  of  the  bacillus. 

Tubtrcuhijilnsniin  {Bitckner  and  Hahn).' — Buchner  and  Hahn,  by 
crushing  tubercle  bauilli  by  subjecting  them  to  a  pressure  of  4(X) 
atmospheres,  obtained  a  cell-juice  in  the  form  of  an  amber  fluid,  to 
which  they  attributed  qualities  clo.sely  analogous  to  those  of  TR. 


I 
I 

I 

I 


^Koch,  Dcut.  mod.  Wwh.,  1901. 

•  Denyt,  "Le  Bouillon  Filtn'-,"  Louvain,  1905. 

'  Buchner  und  Hahn,  MQnc-h.  med.  Woch.,  1897;  Hahn,  ibid 
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Other  tuberculins  are  those  of  Beraneck,'  highly  recominpndt'cl 
clinically  by  Sahli,'  that  of  Klebs,'  and  the  tuberculin  produced  from 
bovine  tulxTcle  bacilli  by  SfK'uglor.* 

Diagnostic  Use  of  Tuberculin. — Subcutaneous  Use. — The  preparation 
usually  employe<l  for  diagnostic  purjxjses  is  Koch's  "Old  Tuberculin" 
(Alttuberculin).  This  preparation  is  administered  by  hypodermic  injec- 
tion of  small  quantities  obtained  by  means  of  dilutions.  The  dilutions 
arc  best  made  with  a  0.5  per  cent  aqueous  carbolic  arid  .solution.  In 
^practice  a  1  per  cent  solution  is  made  by  pipetting  0.1  e.e.  of  tuberculin 
9.9  c.c.  of  the  0.5  per  cent  carbolic  solution.  A  cubic  centimeter 
'of  this  then  contains  0.01  c.c.  of  tuberculin.  (Ine  c.c.  of  this  .solution 
added  to  9  c.c.  of  0.5  per  cent  carbolic  acid  gives  a  solution  in  vvhiuh 
each  cubic  centimeter  contains  0.001  c.c,  or  1  milligrjun  of  tuberculin. 

The  initial  dosage  in  adult*  in  Koch's '  early  work,  and  as  used  by 
Beck  "  on  a  large  number  of  patients,  was  1  milligram.  This,  according 
to  present  opinions,  is  too  high,  and  most  clinicians  to-<lay  prefer  0.1 
to  0.2  of  a  milligram.  If  after  three  or  four  days  no  reaction  has  occurred, 
a  second  dose  of  1  milligram  is  given. 

The  reaction  itself  is  recognized  chiefly  by  the  changes  in  tem- 
perature. In  a  positive  reaction  the  patient's  temperature  will  begin 
to  increase  within  six  to  eight  hours  after  injection,  rising  sharply 
within  a  few  hours  to  0.5  or  1.5°  higher  than  the  temperature  before  in- 
jection. It  then  sinks  more  grn<lually  than  it  rose,  the  reacHon  usually 
being  complete  witliin  thirty  to  thirty-six  hours.  With  the  temperature 
there  may  be  nausea,  a  chill,  rapid  pulse,  and  general  malaise.  Locally 
visible  tuberculous  proees.ses,  such  as  lupus,  lymph  nodes,  etc.,  may 
become  more  tender  or  swollen,  and  if  the  tuberculosis  is  pulmonary, 
there  may  be  coughing  and  increased  expectoration.  The  temperatures 
of  persons  subjected  to  the  test  should  be  taken  regularly  for  three  or 
four  da3's  before  tuberculin  is  used, 

Ophthal mo-Tuberculin  Reaction. — "Wolff-Eisner'  and,  soon  after 
him,  Calmette,*  proposed  a  method  of  using  tuberculin  for  diagnostic 


•  Beraneck,  Compt.  rend,  dc  I'acad.  dea  sci.,  1903. 
^Satdi,  Corrljl.  d.  Si'bw,  Aerate,  1906. 
*KU:ba,  Cent.  f.  Bixkt.,  1896;  Dcut.  med.  Woeh.,  1907. 
*SpeitgleT,  Deut.  mod.  Woch.,  xxxi,  1904;  xxsi  and  xxxiv,  1905. 
»  Koch,  Deut.  med.  Woch.,  1890. 

•  Beck,  Deut.  med.  Woch.,  1899. 
'  Wolff-Eisner,  Bed.  med.  Geaell.,  May  15,  1907, 

•  Calmelle,  Acad,  dee  sci.,  June  17,  1907. 
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purposes  by  instillation  into  the  eonjiinctival  sae.  In  tuberciiloiia 
patients  this  process  is  followeil  by  a  sharp  conjunctival  congestion 
lasting  from  one  to  several  days. 

The  preparation  used  for  this  purpose  is  produced  in  the  following 
way: 

"Old  Tuberculin"  is  treated  with  double  the  quantity  of  95  per 
cent  alcohol,  and  the  precipitate  allowed  to  settle  and  the  alcohol  then 
filtered  off  through  paper.  The  sediment  is  washed  with  70  per  cent 
alcohol  until  the  filtrate  runs  clear,  then  pressed  between  layers  of 
filter  paper  to  remove  excess  of  moisture,  scraped  into  u  di.sh,  dried 
in  vacuo  over  H.SO,,  and  broken  up  in  a  mortar  under  a  hcjod. 

Solutions  of  the  powder  are  made  in  sterile  normal  salt  solution,  1 
per  cent  by  weight,  boiled  and  filtered.  The  solutions  are  used  in 
strengths  of  0.5  to  1  per  cent,  a  drop  of  which  is  instilled  into  the  con- 
junctival sac' 

Cutaneous  Tuberculin  Reaction. — Von  Piniuet*  has  suggested  the 
cutaneous  use  of  tuberculin  for  diagnostic  purpo.sos.  A  25  per  cent 
solution  of  "Old  Tuberculin"  was  first  used.  At  present  the  undi- 
luted substance  is  employed. 

After  sterilization  of  the  patient's  forearm,  two  drops  of  this  solu- 
tion are  placed  upon  the  skin  about  6  cm.  apart.  Within  each  of  these 
drops  scarification  is  done,  and  the  skin  between  them  sacrificed  as  a 
control.  Wthin  twenty-four  to  forty-eight  hours,  in  tuberculous 
patients,  erythema,  small  papules,  and  herpetiform  vesicles  will  ap- 
pear. According  to  recent  investigations,  about  70  per  cent  of  adults 
show  a  positive  reaction.    This  reverses  its  diagnostic  value  for  adults. 

Moro '  has  modified  this  by  simply  making  a  50  per  cent  ointment 
of  tuberculin  in  lanolin  and  rubbing  it  into  the  skin  without  scari- 
fication. 

Complement  Fixation  in  Tuberculosis.* — The  problem  of  comple- 
ment fixation  in  tuberculosis  for  diagnostic  purposes  has  been  verj' 
actively  investigated  of  recent  years.  The  most  promising  results  have 
been  reported  with  an  antigen  made  by  Besredka  of  a  filtrate  of  an 
egg-meat-broth,  upon  which  culture  the  tubercle  bacilli  hi»d  been  grown 
for  several  weeks;  a  similar  filtrate  of  cultures  on  a  watery  extract  of 

'  Method  in  use  at  Saranac  and  kindly  conununicatpd  by  Dr.  Baldwin. 
«i'.  Pirquet,  Berl.  Win.  Woch.,  xx,  1907;  Med.  Klinik,  xl,  1907. 
» Morn,  MQnch.  med.  Woch.,  1906,  p.  216. 

*  A  review  of  oomplement  fixation  teats  in  tuberruloeis  will  he  found  in  on  article 
by  H.  R.  Miller,  Jour.  L«b.  &  Clin.  Med.,  1916,  i,  816. 
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potato  with  plycerin,  used  by  Pctroff;  and  an  antigen  made  by  Miller 
and  Zinsser  by  trituratinfj  dnad  tubercle  bacilli  with  dry  crystals  of 
NaCl  and  adding  distilled  water  to  isotoniclty.  Craig,  Bronfeiibren- 
ner  and  the  above-named  writers  have  reported  good  results  with 
these  various  antigens,  and,  although  too  early  to  say  which  will  prove 
most  useful,  it  is  clear  that  coniplenient  fixation  methods  can  aid  in 
the  diagnosis  of  active  tuberculosis.  We  can,  of  course,  judge  con- 
cisely only  of  the  method  used  in  our  laboratory,  where  Miller  has 
followed  carefully  a  considerable  number  of  cases  on  which  the 
method  has  been  used.  It  would  appear  at  present  that  between  80 
and  90  per  cent  of  the  fixation  results  correspond  accurately  with 
clinical  findings. 

The  Tuberculin  Test  as  Applied  to  CaiUe. — In  cattle,  the  symptoms 
of  tuljerculosis  are  not  easily  detected  by  methods  of  physical  diag- 
nosis until  the  disease  has  reached  an  jidvancetl  stage.  In  conse- 
quence, cows  may  be  elements  of  danger  without  apf>earing  in  any 
,  way  diseased  to  those  who  handle  tlicin.  In  consequence,  routine 
examination  of  herds  by  the  tuberculin  test  has  become  one  of 
the  necessary  measures  in  public  sanitation.  According  to  Mohler,' 
an  accurate  diagnosis  may  be  establi.shetl  in  at  least  97  per  cent  of  the 
cases.  It  is  natural  that  a  good  deal  of  objection  to  the  test  is  encoun- 
tered on  the  part  of  dairy  farmers  and  cattle  rai.sers,  and  recently  it  has 
been  publicly  claimed  that  the  cattle  are  injured  by  the  test.  There  is, 
however,  no  scientific  basis  for  this  belief,  if  the  test  is  carried  out  care- 
fully and  intelligently.  As  a  matter  of  fact,  the  systematic  use  of  the 
test  would  eventually  be  distinctly  advantageous  to  the  owners  of  the 
cattle  themselves,  since  it  ha-s  been  shown  that  cows,  even  in  the  early 
stages  of  the  disease,  may  expel  tubercle  bacilli,  either  during  respira- 
tion or  in  the  feces,  and  thus  become  a  menace  to  healthy  members  of 
the  herd. 

The  tuberculin  test  on  cattle  should  be  made  as  follows:  (The 
directions  given  below  are  taken  directly  from  the  circular  sent  out  from 
the  Bureau  of  .Animal  Industry  at  Washington.) 

1.  B^in  to  take  the  rectal  temperature  at  6  a.m.,  and  take  it  every 
two  hours  thereaftiT  until  midnigbt. 

2.  Make  the  injection  at  midnight. 

3.  Begin  to  take  the  temperature  next  morning  at  6  a.m.,  and  con- 
tinue as  on  preceding  day. 

To  those  who  have  large  herds  to  examine,  or  are  unable  to  give  the 

>  Mohlcr,  Pub.  H.  and  Mar.  HoHp.  Serv.  BuU.  41,  190S, 
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time  required  by  the  above  directions,  the  following  shortened  course  la 
recommended : 

1.  Begin  to  take  the  temperature  at  8  a.m.,  and  continue  every  2 
hours  until  10  p.m.  (omitting  at  8  p.m.,  if  more  convenient);  or  take  the 
temperature  at  8  a.m.,  12  m.,  aiifl  10  p.m. 

2.  Make  the  injection  at  10  p.m. 

3.  Take  the  temperature  next  morning  at  6  or  8  .\.M.,  and  ever>'  2 
hours  thereafter  until  5  ur  8  p.m. 

Each  adult  animal  should  receive  2  c.c.  of  the  tuberculin  as  it  is  sent 
from  the  laboratory.  (The  tuberculin  sent  out  from  the  central  lal>ora- 
tory  at  Washington  is  already  diluted;  2  c.c.  represents  0.25  c.c.  of  the 
concentrated  "Old  Tuberculin"  of  Koch.)  Yearlings  and  two-year-olds, 
according  to  size,  should  receive  from  1  to  1.5  cubic  centimeters.  Bulls 
and  very  large  animals  may  receive  three  cubic  centimeters.  The  injec- 
tion should  be  made  beneath  the  skin  of  the  neck  or  shoulders  behind 
the  scapula,  after  washing  the  area  with  a  weak  carlx)lic  acid  solution. 

There  is  usually  no  marked  local  swelling  at  the  seat  of  the  injection. 

There  are  now  and  then  uneasiness,  trembling,  and  the  more  fre- 
quent pai^sage  of  softened  dimg.  There  may  also  be  sUght  acceleration 
of  the  pulse  and  of  the  breathing. 

The  febrUe  reaction  in  tuberculous  cattle  following  the  subcutaneous 
injection  of  tuberculin  begins  from  six  to  ten  hours  after  the  injection, 
reaches  the  ma.vimum  nine  to  fifteen  hours  after  the  injection,  and 
returns  to  normal  eightc»en  to  twenty-si.\  hours  after  the  injection. 

A  rise  of  two  or  more  degrees  Fahrenheit  alwve  the  maximum  tem- 
perature observed  on  the  pre\ious  day  should  be  regardetl  as  an  indica- 
tion of  tuberculosis.  For  any  rise  less  than  this  a  repetition  of  the 
injection  after  four  or  six  week.-^  is  highly  desirable. 

It  is  hardly  necessary  to  suggest  tliat  for  the  convenience  of  the  one 
making  the  test  the  animals  should  not  be  turned  out,  but  fed  and 
watered  in  the  stable.  It  is  desirable  to  make  note  of  the  time  of  feeti- 
ing  and  watering  and  of  any  temixTature  fall  after  watering. 

The  tuberculin  should  not  be  used  later  than  six  weeks  after  the 
date  on  the  V>ottle.  nor  if  there  is  a  decided  clouding  of  the  solution. 

Therai>«utic  Uses  of  Tuberciilin.^Tulicrculin  was  first  used  theniix-u- 
tically,  shortly  after  its  discovery,  by  Koch.'  Hailwl  with  the  most 
optimistic  enthusiasm,  its  possibilities  were  overestimated  and  hope- 
less cases  were  treated  unskilfully,  with  un.suitable  dosage.  The  conse- 
quence was  that  harm  was  done,  the  method  was  attacketl  by  \'irchow 
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and  others  and  the  new  therapy  fell  into  iilmost  complete  neglect.  At 
present,  the  use  of  tuberculin  has  again  been  revivofi,  but  with  greater 
caution  and  with  a  thorough  undorHtanding  of  its  limitations.  The 
tendency  has  been  toward  smaller  fio.-<age  and  the  limitation  of  the  agent 
to  early  cast's.  No  two  in.^titutions  use  tuberculin  in  exactly  the  same 
manner,  anfl  it  is,  therefore,  inipo.ssible  to  do  more  than  outline  the 
gi-neral  scheme  (jf  treatment.  It  must  never  Iny  forgotten,  however, 
that  all  forms  of  tubercvdin  treatment  consist  in  an  "active  immuniza- 
tion "  in  which,  for  the  time  l>eing,  the  toxemia  of  the  patient  is  increased 
rather  than  neutralizetl.  It  is  olivious,  therefore,  that  only  such  cases 
are  at  all  suitable  for  treatment  in  which  the  process  is  not  a  very  acute 
one.  The  general  principle  of  moticrn  tulx-rculin  therapy  .seems  to  lie 
in  choosing  doses  so  small  that  no  niarke<l  general  reaction  shall  follow. 
The  preparations  most  frequently  employed  are  Koch's  "Altiuber- 
culin,"  his  "TR,"  his  "Ncu  TubiTkiilin-Hjizilleii  Emulsion,"  and  the 
Bouillon  filtr<^  of  Denys.  Initial  dow.s  of  Alttuberculin  range  from  0.1 
to  0.01  of  a  milligram.  In  case  of  successful  avoidance  of  a  reaction, 
the  injection  may  be  repeated,  gradually  increasing.  al)out  twice  a  week. 
The  occurrence  of  a  reaction  shoukl  he  the  signal  for  a  longer  interval 
and  a  slower  advance  in  the  size  of  the  dose. 

The  initial  dose  of  "TR"  is,  as  advised  by  Koch,'  aijout  0.002 
mgm.  Tliis  usually  causes  no  reaction.  The  dose  is  doubled,  at  reason- 
able intervals,  up  to  1  mgm.  After  this,  further  increase  is  care- 
fully gauged  by  the  clinical  indications.  The  maximum  dose  is  about 
20  mgm. 

"  Neu  Tuberkulin-BazlUen  Emulsion,"  -  is  Ijegun  with  a  dose  of  U.001 
mgm.  Gradual  increase  as  with  the  other  prt^parations  is  then  prac- 
ticed.   The  maximum  dose  is  about  10  mgm. 

Bouillon  fi\ir6  has  l)een  useil  chiefly  by  Denys'  and  with  apparently 
excellent  results.  Denys  is  very  emphatic  in  afl vising  the  absolute 
avoidance  of  any  reaction.  He  begins  with  a  millionth  or  even  the 
tenth  of  a  millionth  of  a  cubic  centimeter  of  the  bouillon  and  in- 
creases with  extreme  caution.  His  dilutions  are  made  with  glycerin 
broth. 

Passive  Immunization  in  Tuberculosis. — Numerous  attempts  have 
been  matle  to  immunize  tuberculous  subjects  with  the  sera  of  actively 

'  Koch,  Deut.  tnci.  Woch  ,  xiv,  1897. 

»Bn;«it/uT  uml  /^x/Av.  "U'hrb.  d.  Mpeaifisch.  Tub.  Ther./'  Wtlr^burg,  1908; 
Koch,  IJeut.  mwl.  \V<.rii,,  I'.lOI. 

*  Denys,  "Le  Uouilluu  filtn:,"  Louvain,  1905. 
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immune  animals.    The  most  widely  used  method  of  producing  such 
serum  is  that  of  Maragliaiio. 

Maragliano's  Seriirn.^ — Maragliano  iDolievcs  that  a  toxalhumin  ia 
present  in  tubfrck^l»acillus  lulturos  which  is  destroyed  by  the  heating 
employed  in  the  usual  tuberculin  production.  He  procures  this  sub- 
stance by  filtration  of  unhealed  cultures  and  precipitation  with  alcohol 
(tossina  prsecipitata).  He  furthennure  makes  an  atjueous  extract  of 
the  bacillary  bodies.  With  these  two  sui>stanees  he  immunizes  horses. 
He  draws  blootl  from  these  after  four  to  six  months  of  treatment.  The 
serum  is  extensively  used  in  Italy.  Its  value  is,  at  present,  vcrj' 
doubtful. 

Marmorek's  Serum.' — Marmorek  claims  that  the  poisons  produce<l  by 
Bacillus  tuberculosis  depend  largely  u]wn  the  nicilium  on  which  it  is 
grown.  He  advanced  the  view  in  li)0;i  that  the  sulistances  obtained 
in  tuberculin  were  not  the  true  toxins  of  the  tuliercle  bacillus,  that  there 
was  a  marked  difference  between  these  and  the  poisrms  elaborated  by  a 
younger  (primitive)  phase  of  the  bacillus  !is  it  occurs  only  within  the 
animal  Ixxiy  or  on  media  ctimposer!  of  animal  tissue.  He  consequently 
grows  his  cultures  on  a  medium  comiwscd  uf  a  leucotoxic  serum  (pro- 
duced by  inoculating  calves  with  guinea-pig  leucocyte's)  and  liver  tissue. 
Such  cultures,  he  claims,  contain  no  tulKreulin.  To  the  sera  produced 
by  immunization  with  these  cultures  he  attributes  high  curative  powers. 

Bacilli  Closely  Related  to  the  Tubercle  Bacillus. — The  Bacilhts  of 
Bovine  Tuberculosis. — Tuberculosis  of  cattle  (Perlsuclft)  was  studied 
by  Koch '  in  connection  with  his  earl}'  work  on  human  tuberculosis. 
Koch  did  not  fail  to  recognize  differences  between  the  reactions  to  in- 
fection in  the  bovine  type  of  the  cUsease  and  that  of  man.  He  attrib- 
uted these,  however,  to  the  nature  of  the  infected  subject  rather  than 
to  any  differences  in  the  infecting  agents.  This  point  of  view  met  H 
with  Httle  authoritative  contriMliction,  until  Theobald  Smith,*  in  1898,  ^ 
maile  a  systematic!  comparative  stutly  of  baiiilli  iso!ate<l  from  man  and 
from  cattle  and  pointed  out  differences  between  the  two  types.  The 
opinion  of  Smith  was  fully  accepted  by  Koch*  in  1901.  m 

Since  that  time,  the  question,  Ijccause  of  its  great  importance  to   | 
prophylaxis,  has  been  the  subject  of  many  investigations,  most  of  them 


>  Maragliano,  Berl.  klin.  Woch.,  1899;  8oo.  He  biol.,  1897. 

» Maniurrck,  Bcrl.  klin.  W.>ch.,  1903,  p.  1108;   Med.  Klinik,  1906. 

*Koch,  Arb.  a.  d.  kiiis.  Ocsundheitaaint,  II,  1S82. 

*  Th.  SmUh,  Jour.  Exp.  Med.,  Ill,  1898. 

*Koch,  Deut,  meJ.  Woch.,  1901. 
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confirming  Smith's  original  work.  Morphologically,  Smith  '  found  that 
the  bovine  bacilli  wore  UHually  .shijrtcr  tliaii  thusc  of  ihf  hiiinan  type  and 
grew  less  luxurimitly  than  these  ujjon  artificial  media.  He  determined, 
furthermore,  that,  grown  upon  slightly  acid  glycerin  bouillon,  the  bovine 
bacillus  gradually  reduces  the  acidity  of  the  culture  mwlium  until  the 
reaction  reaches  neutrality  or  even  slight  alkalinity.  Fluctuations, 
after  this,  do  not  exceed  0.1  or  0.2  per  cent  on  cither  side  of  neutrality. 
In  the  ca.se  of  the  human  bacillus,  on  the  other  hand,  there  is  but  slight 
reduction  of  the  acidity  during  the  first  weeks  of  growth;  after  this 
acidity  increases  and,  though  subject  to  fluctuations,  never  reaches 
neutrality.  This  behavior  is  probably  due  to  action  exerted  upon  the 
glycerin,  since  on  ordinary  bouillon  no  such  differences  between  the  two 
varieties  can  be  noticed.  These  observations  of  Smith  were  confirmed 
by  Ravenel,*  Vagedes,'  and  others. 

The  cultural  differences  lK.'tween  the  two  iyima  have  been  studied 
with  especial  care  by  Wolbach  and  Ernst,*  and  Kossel,  Weber,  and 
Heass.*  .\11  of  these  observers  bear  out  Smith's  contention  that 
luxuriance  and  speed  of  growth  are  much  more  marked  in  the  human 
than  in  the  bovine  variety.  Marketl  differences,  furthermore,  have  been 
shown  to  exist  in  the  pathogenic  qualities  of  these  bacilli  toward  various 
animal  species. 

Guinea-pigs  inoculated  with  the  bovine  type '  die  more  quickly  and 
show  more  extensive  lesions  than  those  infected  with  human  bacilli. 
The  difference  in  the  pathogenicity  of  the  two  organisms  for  rabbits  is 
sufficiently  striking  to  be  of  diagnostic  value.  The  bovine  bacilh  usually 
kill  a  rabbit  within  two  to  five  weeks;  the  human  bacilh  produce  a  mild 
and  slow  disease,  lasting  often  for  six  months,  and  occasionally  fail  to 
kill  the  rabbits  at  all. 

The  practical  imixtrtance  of  distinguishing  between  the  two  types, 
of  course,  attaches  to  the  question  as  to  whether  the  bovine  and  the 
human  disease  are  mutually  intercommunicable.  Extensive  attempts  to 
infect  cattle  with  bacilli  of  the  human  type  have  been  made,'  for  the  most 
part  with  very  little  or  no  success.    Infections  of  human  beings  with 


>  Th.  Smith,  Jour.  Exp.  Med.,  1905. 

'Ravend.  Lancet,  1901;  Univ.  Penn.  Med.  BuU.,  1902. 

*  VageJf^,  Zeit..  (.  Ilyg.,  1898. 

*  Wolbach  and  EnuU,  "Studies  from  the  Rockefeller  Inst.,"  11,  1904. 

*  Kottd,  Weber,  und  Heimft,  Arb.  a.  d.  kills.  OcHundheitsamt,  1!)04  and  1905. 

*  Smith,  loc.  cit.,  and  Medical  News,  1902. 
'  Beck,  "Festacb.  R.  Koch,"  1902;  Smith,  loc.  oil. 
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hovino  bacilli,  ho\v(?vcr,  have  lx>pn  reported  and  proved  beyond  reason*! 
able  doubt,  by  Smith,'  Ruveuel,'  Kossel,  Weber,  und  Heuss,'  Park 
Krumwiedc,*  and  others.  Most  of  these  infections  have  been  in  children. 
It  j.s  likely,  ihcrcforc,  that  while  cattle  are  to  a  considerable  degree  im- 
mune against,  the  bacillus  of  the  human  tyjje,  human  beings  do  not 
enjoy  the  same  safeguard  in  respect  to  tiie  bovine  bacillus.  During  adult 
life,  the  danger  of  such  infection,  however,  is  far  less  than  it  is  during 
infancy  and  early  youth.    This  question  has  been  discusstKl  on  p.  487. 

The  BaciUus  of  Avian  Tuberculosis. — A  disease  resembling  in  many 
features  the  tuberculosis  of  man  is  not  uncommon  among  chickea«i, 
pigeons,  and  .some  other  bird  species.  Koch  was  the  first  to  discover  in 
the  lesions  of  di.seased  fowl  Imcilii  much  resembling  Bacillus  tulxrculosis. 
It  was  soon  shown,  however,  l>v  the  stuflies  of  Nocard  and  Roux,' 
Mafucci,*  and  others,  that  the  ba(nllus  of  the  avian  disease  represented 
a  definitely  diJTerentiable  species. 

Morphologically,  and  in  staining  characteristics,  the  bacillus  is 
almost  identical  with  that  of  the  human  disease.  In  culture,  however, 
growth  is  more  rapid  and  takes  f)lace  at  a  tcmpt-rature  of  41°  to  45°  C* 
(the  normal  tem|K'rature  of  Inrtls),  while  the  human  type  is  imable  to 
thrive  at  a  temperature  abo\'e  40°.  ^ 

Guinea-pigs,  very  susceptible  to  human  tulxrculosis,  are  very  fl 
refractory  to  infection  with  the  avian  type;  while,  on  the  other  hand, 
rabbits  which  are  resistant  to  the  human  type,  succumb  rapidly  to  in- 
fection with  avian  tuberculosis.*  Prolonged  cultivation  and  pas.>iage 
through  the  mammalian  Ixxly  i.s  said  to  cause  these  bacilli  to  approach 
more  or  less  closely  to  the  mammalian  ty]X'.  Conversely,  Nocitnl ' 
succeeded  in  rendering  mammalian  tub*Tcle  bacilli  pathogenic  for  fowl 
by  keeping  them  in  the  peritoneal  cavities  of  hens  in  celloidin  sacs  for 
six  months. 

Recently  Koch  and  Rabinovitsch  '"  have  isolated  from  the  spleen  of 


•  SmUh,  Trans.  Aasn.  Amer.  Phys.,  1903. 

•  Rauend,  Univ.  Penn.  Med.  Bull.,  lOOi. 

•  KoMcl,  Weher,  und  Hewia,  loc.  oit. 

•  Park  and  Knimwiede,  Jour.  Med.  Res.,  1910. 
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TIIE   TUBERCLE   BACILLUS 

^a  5'oung  man  dead  of  tuberculosis,  a  microorganism  which,  culturally, 
I  morphologically,  and  in  its  pathogenic  action  upon  birds,  seemed  to 
I  b<»long  to  the  avian  type.  Lowenstcin '  describes  a  similar  organism 
'  cultivated  from  a  liuman  case  which  seems  to  be  a  transitional  type, 
j  Observations  of  this  onler  are,  however,  tix>  few  at  the  present  time  to 
I  be  used  a.?  the  basis  of  a  definite  opinion  a.s  to  the  relationship  between 
)the  two  varieties. 

Tiibirculosis  iri   CoUi-itlcMxierl   A  it i Dials. —The  bacillus   isolated   by 

Dubarre  and  Terre*  resembles  Bacillus  tuberculosis  in  morphology  and 

lin  a  certain  degree  of  acifl-fastnes.s.     It  grows  at  low  temperatures, 

,  15°  to  30°  C.    It  is  non-pathogenic  for  animals,  but  kills  frogs  within  a 

p  month.     Except  for  the  acid-fastness  it  has  little  in  common  with 

Bacillus  tuberculosis. 

Similar  acid-fa-st  bacilli  have  been  isolated  from  other  cold-blooded 
I  animals  (carp,  frogs,  turtles,  snakes)  by  many  observers. 

There  have  been  many  attem])ts  to  show  a  close  relationship  between 
fthe  tubercle  bacilli  of  cold-blooded  ami  those  of  warm-blooded  animals. 
I  Moeller,   Hansemanu,   Frieflmann,   Weber,   Kiister,  and  others  have 
(given  this  subject  particular  attention  and  it  ha-s  gained  especial  interest 
because  of  the  recent  notorious  claims  of  Friedmann  that  he  has  suc- 
ceeded in  obtaining,  from  turtles,  a  strain  of  acid-fast  bacilli  which  can 
be  succes-sfully  used  in  actively  immuniiiing  human  beings.     In  1903 
'  Friedmann  ^  described  two  ca.scs  of  spontaneous  infection  of  a  salt-water 
'turtle  (Chelone  corticata)  with  acid-fast  bacilli,  presenting  lesions  in 
the  lungs  which  simulated  i^ulmonary  tuberculosis  in  the  human  being 
(cavity  formation  and  miliary  nodules).    The  organisms  cultivated  from 
these  lesions  presentt^i  much  similarity  to  those  of  the  human  type  and, 
according  to  Friedmann,'  unlike  other  acid-fast  bacilli  of  cold-Vilooded 
animals,  could  be  grown  at  37.5°  C.    As  a  possible  human  origin  for  the 
turtle  infections  F>iedmann  mentions  that  the  attendant  who  fed  these 
turtles  suffered  from  a  double  pulmonary  tuberculosis. 

Upon  inoculation  into  guinea-pigs  localized  lesions  only  were  pro- 
duced, and  dogs,  rats,  and  birds  were  immune.  The  imi)Hcation  of 
Friedmann's  work  is  that  his  culture  represents  a  human  strain  attenu- 


'  Ldicenslein,  quoted  from  Koch  and  Rabinovitsch,  loc.  cit. 

*  Dvharre  et  Terre,  Coinpt.  rcmi.  Ae  In  soc,  de  biol.,  1897. 

*  FrirdmauH,   D.   Med.   Wocb.,   No.  2,  Jan.,   1003,  25. 

*  Frifdmimu,  D.  Med.  Woch.,  No.  26,  464,  1903,  uiid  Ccntrolbl.  f .  Bakt.,  I,  xxxiv, 
1903,  also  Zeitschr.  f.  TubcrkuloBC,  iv,  Hoft  5,  1903. 
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ated  for  man  by  passage  tlirough  the  turtle,  although,  as  far  as  we  are 
aware,  no  definite  statement  as  to  this  has  been  made. 

Summarizing  the  work  of  many  investigators  (Weber,  Taute, 
Kiister,  Allegri,  BertareUi,  and  others)  Kuster '  makes  a  statement 
which  is,  in  essence,  as  follows:  In  the  carp,  in  snakes,  turtles, 
and  frogs  spontaneous  tuberculosis  may  occur.  The  organisms  which 
cause  these  diseases  are  specific  for  cold-blooded  animals,  similar  in 
many  respects  to  the  tubercle  bacillus  of  warm-blooded  animals,  but 
in  the  latter  tlo  not  produce  progressive  disease.  Human,  bovine,  and 
avian  tubercle  bacilli  inoculated  into  eokl-blooded  animals  can  produce 
lesions  which  histologically  simulate  tuberculosis.  These  micro- 
organisms can  remain  a  year  in  cold-biooiled  animals  without  losing 
their  pathogenicity  for  guinea-pigs.  Mutation  of  the  tulwrcle  bacillus 
of  warm-blooded  animals  into  cukl-ljlooded  ones  has  not  been  proven. 

For  these  reasons  it  is  quite  impossible  to  exclude,  in  the  apparently 
positive  work  of  Friedmann  and  others,  the  isolation  of  a  true  "cold- 
blooded" type  organism,  rather  than  a  mutation  form  originally  of 
the  warm-blooded  type.  What  Frietlmann's  present  claims  in  this 
respect  are  for  his  culture  has  not  been  stated  as  far  as  we  know.  The 
possibility  of  a  positive  immunizing  value  of  organisms  isolated  from 
cold-blooded  animals  in  human  beings,  though  remote,  is  not  out  of  ques- 
tion. The  problem  is  so  .serious  auti  important,  and  the  exiK-rience  of 
many  workers  is,  so  far,  so  inconclusive  that  the  time  has  not  come  for 
commercial  exploitation  and  the  cruel  arousing  of  false  hopes.  The 
subject,  iiowever,  deserves  carefully  controlled  further  investigations. 

Bacilluji  of  Timothy. — Moeller  isolated  from  timothy-grass  and  from 
the  dust  in  haylofts  acid-fa-st  l)acitli,  like  Bacillus  tulxTculosis.  They 
grow  rapidly  on  agar,  soon  showing  a  deep  red  or  dark  yellow  color. 

Bacillus  butyrinis  (Butter  Bacillus). — Slightly  acid-fast  bacilli  re- 
sembling Bacillus  tuberculosis  have  bt-en  isolated  from  milk  and  butter 
by  Petri,'  Rabinovitsch,'  Korn,*  and  others. 

These  bacilli  are  easily  differentiated  from  Bacillus  tuberculosis  cul- 
turally.   They  are  slightly  pathogenic  for  guinea-pigs,  but  not  for  man. 

Bacillus  snuynuitis  utui  the  bacillus  of  leprosy  will  l)c  discussed  in 
separate  sections.  The  differentiation  of  these  organisms  by  st^iining 
reactions  has  been  discussed  in  the  section  on  staining  methods. 

'  KMt  und  Wamscnminn's  Handhucli,  2d  edition,  v,  767. 

•  Petri,  Arb.  a.  d.  kais.  Gcaundbeitsamt,  1897. 
>  RabinanUch.  Z«yt.  f.  Hyg.,  1897. 

*  Kom,  Cent.  f.  Bakt.,  1899. 


CHAPTER  XXXIV 
THE  SMEGMA  BACILLUS  AND  THE   BACILLUS  OF  LEPROST 


BACILLUS   SM£C(MATIS 

In  1884,  Lustgartcn  '  announced  that  he  had  siiccecdiKl  In  demon- 
strating, in  a  number  of  sj-philitic  lesions,  a  characteristic  bacillus, 
which  he  declared  to  be  the  etiological  factor  in  the  disease.  The  gi-eat 
importance  of  the  subject  of  Lustgarten's  communication  caused  nu- 
merous investigators  to  take  up  the  study  of  the  microorganisms  fountl 
up)on  the  genitals  of  normal  and  diseased  individuals.  As  a  result  of 
these  researches  the  presence  of  the  Lustgartcn  bacilli  upon  the  genitals 
of  many  syphilitica  was  confirmed;  but  at  the  same  time  bacilli,  which 
in  all  essential  particulars  were  identical  with  them,  were  found  in  the 
secretions  about  the  genital  organs  and  anus  of  many  normal  persons. 
The  first  to  throw  doubt  upon  the  etiological  significance  of  Lustgarten's 
bacillus,  and  to  describe  in  detail  the  microorganism  now  recognized  as 
Bacillus  smegmatis,  were  Alvarez  and  Tavel.'  Similar  studies  were 
made  soon  aft«n*ard  by  Ivlemperer,'  Bitter,*  and  others. 

The  smegma  bacilli  are  now  known  to  occur  a-i  harmless  sapro- 
phytes in  the  preputial  secretions  of  the  male,  about  the  external  genital 
organs  of  the  female,  and  within  the  folds  of  thighs  and  buttocks.  They 
are  usually  found,  in  these  situations,  in  clumps  upon  the  mucous  mem- 
brane, and  occasionally  in  the  superficial  layers  of  the  epithelium,  intra- 
and  extra-cellularly. 

Morphology. — The  smegma  bacilli  are  very  similar  to  tubercle  bacilli, 
but  show  greater  variations  in  size  autl  appearance  than  do  the  latter. 
In  length  the  individuals  may  varj-  from  two  to  seven  micra.  They 
are  usually  straight  or  slightly  curved,  but  according  to  Alvarez  and 
Tavel  may  show  great  polymorphism,  including  short  comma-like  forms, 
and  occasional  S-shaped  spiral  forms. 

>  LuMgartm,  Wien.  mcd.  Woch.,  47,  1884. 

»  Alvarez  et  Tavel,  Arcli.  d.  physiol.  norm,  etpatb.,  Oct.,  1886. 

*Klemperer,  Deut.  mod.  Wocli.,  xi,  1885. 

•  Pitter,  Virchow's  .\rcli,,  ciii. 
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They  are  not  easily  stainod,  and  though  less  resistant  in  this  respect 
tliiiM  thf  tiilHTfk-  Imcilhis,  they  yet  Ix-long  distinctly  to  the  group  of  J 
aci<l-fast  bacilli.     Oncf  stiiiticd  by  the  stronger  dyes,  such  as  carbol- 
fuchsin  or  anilin-waliT-jiciitian-viulct,  they  are  tenacious  of   the  ilye, 
though  less  so  than  tubercle  bacilli.  H 

The  identification  of  the  snii'gina  bacillus  by  staining  methotls  has 
become  of  gri-at  practical  importance  .since  Fraenkel,'  MiiUer,'  and 
others  have  demonstrated  the  occasional  presence  of  acid-fast  bacilli, 
probably  of  the  smegnm  grmip,  in  .sputum,  and  in  .secretions  from  the 
tonsillar  cr}'pts  and  throat.  The  methods  of  difTerentiation  which  have 
been  foimd  most  practical  are  those  which  depend  upon  differences  in 
the  retention  of  stain  shown  by  these  bacilli.  While  it  may  be  statwl 
as  a  general  rule  that  the  smegma  bacilli  are  more  easily  decolor- 
izi'd  than  tubercle  bacilli,  it  is  nevertheless  important  that  a  con- 
trol, as  suggested  by  Wood,  Ije  made  with  known  tubercle  bacilli 
whenever  a  shde  of  suspected  smegma  bacilli  is  examined.  For 
the  actual  differentiation  an  excellent  method  is  that  of  Papjjenheim, 
de.sciibed  in  dctiiil  in  the  section  on  Staining,  page  106.  This  method 
depends  upon  the  fact  that  protongtMl  treatment  with  alcohol  and  rosolic 
acid  decolorizes  the  smegma  bacilli  but  not  the  tubercle  bacilli. 
("oles '  has  stat4?d  that  smegma  i)acilii  will  resist  Pappenheim's 
deiolorizuig  agent  for  four  hours  at  tlm  most,  while  tubercle  bacilli 
will  retain  the  stain,  in  spite  of  such  treatment,  for  as  long  as  twenty- 
four  horn's. 

Although  minor  dififerences  between  the  smegma  bacillus  and  that 
of  Lustgarten  have  been  upheld  by  Doutrelepont  *  and  others,  never-  H 
theless,  the  etiological  significance  of  Lu.stgarten's  bacillus  in  s\-])hilis 


has  boen  finulh'  di.scredited,  aiul,  if  not  identical  with  the  smegma 
liacillus,  it  at  least  belongs  to  the  same  group. 

Tin-  .smegma  bacilli  have  n<t  pathogenic  significance.  They  are 
found  uiKin  human  beings  as  harmless  saprophytes,  and  all  attempts  to 
infect  animals  have, so  far  been  unsuccessful.  They  are  cultivated 
with  great  flifficulty,  first  cultivations  from  man  being  successful  only 
upon  the  richer  media  cont^iining  human  serum  or  hydrocele  fluid. 
After  prolonged  cultivation  upon  artificial  media  they  may  be  kept 
alive  upon    glucose    agar    or   ascitic    agar.    Their    growth    is   slow; 

•  Fraenkel,  Bed.  klin.  Woch.,  1898. 
*MuUfT.  Detit.  tned.  Woch.,  1898. 

•  Colr».  Jour,  of  Stale  .Mml.,  1904. 

•  QoutreUjHmt,  (|uuto<l  from  KIcmpcrer,  loc.  cik 
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.  and  the  colonifs,  appearing  within  five  or  six  days  after  inoeulation, 
ire    yellowish    white,    corrugated,    and    not    unlike    tubercle-bacillus 
aionies. 

BAOILLtrS  LEPRA  AND  LEPROST 

The  bacDlus  of  leprosy  was  first  seen  and  correctly  interpreted  as 
le  etiological  factor  in  the  disease  in  1879,  by  Ci.  Armauer  Hansen,' 
a  Norwegian  obsen'er.  Hansen  found  the  biicilli  in  tlic  tissues  of  the 
nodidar  lesions  of  patients,  lying  in  small  dumps,  intra-  and  extra- 
eellularjy,  as  well  as  in  the  serum  oozing  from- the  tissue  during  it^ 
removal.  Hansen's  observation  was  tho  fruit  of  over  six  years  of  careful 
study  and  as  to  his  priority  in  making  this  great  discovery,  there  can 
be  no  doubt.  Almost  simultaneou.sly  with  his  publication,  however, 
Xeisser  ^  published  similar  results,  obtained  by  him  during  a  brief  stay 
at  Bergen,  during  the  prcceiling  .suuinicr.  The  bacilli  described  by 
these  workers  are  now  recognized  as  being  unquestionably  the  cause 
|Of  the  various  forms  of  the  di.sea.se  known  as  leprosy. 

Morphology   and   St&ining. — ^The   leprosy   bacillus   is   a  small    rod 

ncasuring  about  5  to  7/(  in  length  and  has  a  close  morphological  re- 

emblance  to  Bacillus  tuberculosis,  except  in  that  it  is  loss  apt  to  display 

[the  beaded  appearance  and  is  slightly  Ic-.-w  slender  than  the  latter.     It 

1  non-motile,  possesses  no  flagcUa,  and  forms  no  spores. 

Like  tubercle  bacilli,  furtliennore,  the  lepro.sy  bacilli  belong  to  the 
class  of  so-called  acid-fast  bacteria,  being  stained  with  much  difficulty; 
^        but  when  once  stained  they  are  tenacious  of  the  color,  offering  con- 

Ieiderable  resistance  to  the  decolorizing  action  of  nciils.  It  is  necessary' 
for  differential  diagnosis,  however,  to  note  that  both  the  difficulty  of 
staining  and  the  resistance  to  decolorization  are  less  marked  in  the  case 
of  this  microorganism  than  in  the  case  of  Bacillus  tuberculosis.  It  was 
this  peculiar  behavior  to  stains  that  cau.stKl  the  delay  of  sevej-al  years  in 
Hanstni's  publications,  since  he  failed  in  obtaining  good  morphological 
sj>eciinens  until  the  work  of  Koch  upon  bueterial  staining  had  suf^plied 
him  with  proper  methods.  The  bacilhis  is  stained  most  easily  with 
anilin-wat<»r-gentian-violet  or  with  earbol-fuchsin  solution.  Stained  by 
(iraiu's  method,  it  is  not  decolorized  and  appears  a  dt-ej)  blue.  Differ- 
ential staining  by  the  Ziehl-Xcelsen  method  shows  the  bacillus  stained 
red  unless  decolorization  by  means  of  the  acid  and  alcohol  arc  prolonged 

i  Hansen,  Virch.  .\rch.,  79,  1879. 

«  Newer,  Breslauer  arztl.  Zeitschr.,  2(),  1879. 
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for  an  unusual  time.  A  differentiation  from  tubercle  bacilli  by  virtue  of 
greater  ease  of  decolorization  is  of  value  only  in  the  bands  of  those 
having  much  experience  with  these  bacilli,  and  follows  no  regular  laws 
of  acid-strengths  or  time  of  application  which  can  be  generally  applied 
by  the  inexperienced.  In  tissues,  the  bacilli  are  easily  stained  by  the 
methods  used  for  staining  tubercle  bacilli.  The  sections  are  left  in  the 
Ziehl  carbol-fuchsin  solution  either  from  two  to  twelve  hours  at  incu- 
bator temperature  or  for  twenty-four-  hours  at  room  temperature. 
Subsequent  treatment  is  that  employed  in  the  case  of  tuberculous  tissue 
sections  (see  p.  112). 

Cultivation. — Cultivation  of  the  leprosy  bacillus  has  not  met  with 
success.  Hansen  and  others  who  have  approached  the  problem  with 
a  thorough  knowledge  of  the  microorganism,  combinetl  with  a  com- 
petent bacteriological  training,  have  failed  in  all  their  attempts. 
Numerous  positive  results  reported  by  observers  have  always  lacked 
adequate  confirmation.  Recently,  Rost,'  of  the  British  Army  Medical 
Corps,  has  claimed  success  in  cultivation  of  leprosy  bacilli  upon  salt-free 
bouillon,  his  point  of  departure  being  the  previous  observation  that 
salt-free  media  favored  the  growth  of  tubercle  bacilli.  His  results  have 
not  been  confirmed. 

In  1909  Clegg*  succeeded  in  growing  an  acid-fast  bacillus  from 
leprous  tissue,  obtaining  his  results  by  inoculating  leprous  material 
upon  agar  plates  upon  which  ameba  coli  had  been  grown  in  symbioeis 
with  other  bacteria.  On  such  plutes  the  acid-fast  bacilli  multiplied, 
and,  subsequently,  pure  cultures  were  obtained  by  heating  the  cultures 
to  60°  C,  which  destroyed  the  ameba  coli  and  other  bacteria.  These 
results  were  confirmed  by  other  workers  and,  soon  after  that,  Duval ' 
not  only  succeeded  in  rejieating  Clegg's  experiments,  but  obtained  cul- 
tures of  an  acid-fast  bacillus  directly  from  leprous  lesions  without  the 
aid  of  ameba.  He  first  oljserved  that  the  leprosy  organism  would  multi- 
ply around  a  transplanted  piece  of  leprous  tissue  ui>on  ordinarj-  blood 
agar  tut>es  upon  which  influenza  bacilli  and  meningococci  were  grown. 
He  concluded  that  such  growth  depended  upon  chemical  changes  in 
the  media  and  believed  the  formation  of  amino-acids  essential  for  the 
initial  growth.  The  method  he  subsequently  described  depended  upon 
supplying  these  substances  either  by  atlding  trypUiphan  to  nutrient 
agar  or  by  pouring  egg  albumen  and  human  blood  .serum  in  Petri  dishes, 

'  RoH,  Brit.  Med.  Jour.,  1,  1906. 

» Cleng,  Philippine  Jour,  of  Sc,  iv,  1909. 

>  Dtual,  Jour.  Exp.  Med.,  xii,  19IU,  and  ibid.,  16,  1012. 
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inspissating,  at  70°  C,  for  three  hours  and,  after  inoculating  with 
leprous  tissue,  adding  a  1  per  cent  solution  of  trypsin.  Indirectly  the 
sfime  result  was  obtained  by  emplojang  culture  me'.lia  containing  albu- 
minous substances  and  inoculating  with  bacteria  capable  of  producing 
amino-acids  from  the  medium.  After  leprosy  bacilli  had  been  grown 
on  thb  medium  for  several  generations,  they  could  easily  be  cultivated 
on  agar  slants  without  special  additions  or  preliminary  treatment. 

In  spite  of  extensive  work  upon  this  verj'  important  problem 
opinions  are  still  divided  as  to  the  specific  nature  of  the  organisms  cul- 
tivated by  Clegg  and  by  Duval.  Animal  experiments  with  these  cultures 
have  remained  inconclusive.  The  cultures  after  prolonged  preservation 
upon  artificial  media  grow  heavily,  often  lose  their  acid-fast  charac- 
teristics, develop  into  streptothrix-like  or  diphtheroid  forms  and  become 
markedly  chromogenic,  all  these  charact<'ristics  suggesting  .saprophytism. 

In  a  recent  communication,  Duval  and  Wellmsm  '  state  their  opinion 
as  follows:  From  29  cases  of  leprosy,  22  successive  cultivations  of  acid- 
fast  bacilli  were  made;  in  14  of  them  a  chromogenic  organism,  similar 
to  that  of  Clegg,  was  found.  This  grows  either  as  a  non-acid-fast  strep- 
tothrix  in  subsequent  cultivations  or  as  non-acid-fast  diphtheroid  forms. 
From  eight  cases  an  organism  distinctly  different  from  the  former  was 
cultivated  which  grows  only  on  specific  media  and  by  serological  tests 
seems  to  give  reaction  which  differentiates  itfrora  Clegg's  organism.  Du- 
val believes  that  there  is  no  rea.son  to  a.ssume  .specific  etiological  relation- 
ship for  the  first  organism  mentioned.  In  the  case  of  the  second,  he 
admits  that  not  sufficient  proof  has  been  brought,  but  states  his  belief 
that  its  etiological  significance  is  probable. 

Pathocrenlclty. — Innumerable  attempts  to  transmit  leprosy  to  ani- 
mals by  inoculation  have  been  unsuccessful.  NicoUe,*  however,  has 
recently  claimed  successful  experiments  upon  monkeys  (macacus)  in 
whom  inoculation  with  tissue  from  infected  human  beings  was  followed, 
in  sixty-two  days,  by  the  development  of  a  small  nodule  at  the  site  of 
inoculation,  in  which,  upon  excision,  leprosy  bacilli  were  found.  In 
most  cases,  however,  inoculation  has  given  rise  merely  to  a  transient 
inflammatory  reaction. 

Among  human  beings,  leprosy  has  been  a  widely  spread  disease  since 
the  beginning  of  history,  and  much  evidence  is  found  in  ancient  lit- 
erature which  testifies  to  a  wide  distribution  of  the  disease  long  before 
the  Christian  era  and  throughout  the  Middle  Ages.    At  the  present  day, 

'  Duval  and  Wellman,  Jour,  of  Ittf.  Dis.,  xi,  1912. 
>  NieoUe,  Seni.  m£dicale,  10,  1905, 
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leprosy  is  most  common  in  the  eastern  countries,  especially  in  Indis^^H 
Cliin/i.  In  Euro|K"  the  disea.sc  is  found  in  Norway,  in  Russia,  ancFW 
Iceland.  In  other  European  countries,  while  the  disea.se  occur-s,  it  is 
not  at  all  common.  In  the  United  States,  there  are,  according  to  Osier, 
three  important  centers  of  leprosy  situated  in  I/<juisiana,  in  California, 
and  among  the  Norwegian  settlers  in  Minnesota.  The  disease  is  also 
present,  in  several  provinces  of  Canada.  In  all  countries  in  which 
segregation  of  lejH-rs  is  rigidly  practiced,  the  disease  is  diminishing.  In 
Norway,  according  to  Hansen,  proper  s^initary  mea.sures  have  reduced 
the  number  of  lepers  from  2,870  in  ISfjO,  to  577  in  lilOO. 

Clinically,  the  disea.se  appears  in  two  chief  varieties,  tubercular 
leprosy  and  the  .so-called  anesthetic  leprosy.  In  the  former  variety, 
hard  nodular  swellings  appear,  usually  in  the  face,  but  often  on  other 
part.s  of  the  body  iis  well.  Thesu  lead  to  frightful  disfigurement  and 
are  accompanied  by  a  falling-out  of  hair  and  a  loss  of  sensation  in  the 
afTedcd  areas.  In  the  anesthetic  ftjm),  there  is  usually  at  first  pain  in 
definite  area.s  of  the  extremities  and  the  trunk,  which  i.s  so<^^in  followetl 
by  the  formation  of  fiat  or  slightly  raistnl  pigmented  areas,  within  which 
there  is  absolute  anesthesia  with,  later,  atrojihy  and  often  secondary 
necrosis  in  the  atrophied  part.s.  The  disease  is  usually  clironic  in  ita 
course. 

Tlie  bacilli  are  found  in  large  numlx-rs  in  the  cutaneous  lesions.  In 
the  knobs  of  the  nodular  variety,  llicy  lie  in  clumps  between  the  con- 
nective-tissue cells  ami  within  the  large  sj>h<'roida!  cells  which  make  up 
the  noilules.  They  are  found,  also,  in  a<lvaucwl  cases,  in  the  liver  and 
in  the  s]>leen,  lying  within  the  cells,  and,  to  a  .slighter  extent,  in  the 
intercellular  spaces.  They  have  also  been  found  within  the  kidneys, 
the  endothelium  of  the  blood-vessels,  and  in  the  testicles.'  In  the  blood, 
the  bacilli  liave  frequemty  Ix-en  ilemonstrated,  especially  during  the 
febrile  attacks  which  occur  during  the  disease.  Westphal  and  Uhlcn- 
hut '  have  found  the  bacilli  within  the  central  nervous  system, 
and  these  ol>servers,  as  well  as  others,  have  found  them  lying 
within  the  substance  of  the  peripheral  nerves,  thus  explaining  the 
anesthesia.  A  fact  of  enormous  importance  to  the  question  of 
transmission  is  the  observation  made  by  various  observers,  more 
especially  by  Sticker,  that  the  bacilli  are  found  with  great  regu- 
larity in  consiilerable  numbers  in  the  nasal  secretions  of  persons 
suffering  from   the  disease.     Sticker  is  inclined   to  regard  the  nose 

>  5/idter,  MOnch.  med.  Woch.,  39,  1897. 
*  WettjMi  und  Uhlcnkul,  Kliu.  Jahrb.,  1901. 
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be  primary  path  of  infection.  Whether  or  not  this  be  true  can 
not,  at  present,  be  decided.  As  a  source  of  infection,  however,  the 
nasal  mucus  and,  secondarily,  the  saliva,  are  certainly  the  vehicles 
by  which  large  numbers  of  the  bacilli  leave  the  infected  patient,  and, 
therefore,  t*nd  to  spread  the  disca-sc. 

The  contagiousness  of  leprosy  is  far  less  than  is  that  of  most  other 
bacterial  diseases.  Physicians  and  others  who  rf>me  into  direct  contact 
with  large  numbers  of  leprous  patients,  observing  at  the  same  time  the 
ordinar>'  precautions  of  cleanlinei«,  rarely  contract  the  disease.  On 
the  other  hand,  intimate  contact  with  lepers  without  such  precautions 
is  the  only  possible  means  of  transmis.'4ion.  The  demonstration  of 
leprosy  bacilli  in  dust,  soil,  etc.,  must  always  be  looked  upon  with  su.i- 
picion,  since,  apart  from  actual  human  iiiocuhitton,  there  is  no  methnd 
of  ixjsitively  differentiating  the  bacilli  from  similar  acid-fast  organism.s. 
Instances  of  transmission  by  contact  are  on  record,  not  the  least  famous 
of  which  is  the  case  of  Father  Damien,  who  contracted  the  disease  while 
taking  care  of  the  lepers  upon  the  island  of  Molokai.  Hansen  states 
that  in  his  knowledge  no  case  of  leprosy  can  Ik'  founil  in  which  careful 
examination  of  the  past  history  will  not  reveal  direct  contact  with  a 
previous  case.  Direct  inoculation  of  the  human  being  with  material 
from  a  leprous  patient  has  been  successfully  carried  out  by  Arning,' 
upon  a  Hawaiian  criminal.  In  this  ease  a  piece  of  a  lepnms  nodule 
was  planted  into  the  subcutaneous  tissue  of  the  left  arm.  One  month 
after  the  inoculation,  pain  appeared  in  the  arm  and  shoulder,  and  four 
and  a  half  months  later  a  typical  leprosy  nodule  was  formed.  Four 
years  after  the  inoculation,  the  patient  was  a  tj'pical  leper.  . 

Although  our  inabilitj'  to  cultivate  the  leprosj'  bacillus,  and  the  lack 
of  success  attending  animal  inoculation,  have  made  it  impossible. to  study 
more  closely  the  toxic  action  of  this  microorgunism,  there  is,  neverthe- 
less, some  evidence  which  points  toward  the  production  of  a  poisonous 
substance  of  some  kind  by  the  bacillus.  Host,'  who  claims  to  have 
cultivated  the  l>acillus,  manufactured  from  his  cultures,  l)y  the  technique 
for  the  production  of  "Old  Tuberculiji,"  a  substance  which  he  called 
"leprolin,"  and  which  he  employed  therapeutically  in  the  same  manner 
in  which  tuberculin  is  employed  in  tuberculosis.  As  statetl  before,  the 
results  of  Rost  still  lack  confirmation.  Of  far  greater  importance,  both 
in  demonstrating  the  prol>ability  of  the  existence  of  a  definite  toxin  as 
well  as  in  indicating  the  close  relationship  between  the  leprosy  bacillus 


'  Amin{/,  Vera.  d.  Nalurfor.  u.  Acrzte,  1886. 


'  Roat,  loc.  cit. 
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and  the  Bacillus  tuberculosis,  are  the  investigations  upon  the  action 
of  tuberculin  upon  leprous  patients.  When  tuberculin  is  admini.f- 
tered  to  lepers,  a  febrile  reaction  occurs  usually  twenty-four  or  more 
hours  after  the  administration.  The  fever  differs  from  that  produced 
by  the  use  of  the  same  .substance  in  tuliercutous  patients  in  that  it  is  of 
late  occurrence  and  lasts  considerably  longer.  At  the  same  time,  there 
may  be  marked  redness  and  tenderness  of  the  nodules.  In  isolated 
cases.  Babes  *  has  noticed  alarmingly  high  and  prolonged  fever  together 
with  systemic  symptoms  such  as  nausea,  headache,  and  even  uncon- 
sciousness, following  the  injection  of  tuberculin.  The  same  writer 
claims  to  have  extracted  from  the  organs  of  lepers,  which  contained 
enormous  numbers  of  bacilli,  substances  which  showed  an  action  similar 
to  that  of  the  tuberculin.  i 

SAT   LEPEOST  ' 

Stefansky  *  irst  observed  this  disease  among  rats  in  Odessa,  and 
since  then  it  has  been  observed  in  Berlin  (Rabinovitsch  *),  in  London 
(Deaa*),  in  New  South  Wales  (Tidswell '),  and  in  San  Francisco 
(Wherry'  and  McCoy  ^).  The  disease  occurs  spontaneously  among 
house  rats  and  is  characterized  by  subcutaneous  induration,  swelling  of 
lymph  nodes,  with,  later,  falling  out  of  the  hair,  emaciation,  and  some- 
times ulceration.  Its  course  is  protracted  and  rats  may  live  with  it 
for  six  months  or  a  year.  When  a  rat  suffering  from  this  disease  is  dis- 
sected there  is  usually  found,  under  the  skin  of  the  abdomen  or  flank,  a 
thickened  area  which  has  the  app<'arancc  of  adipose  tissue  except  that 
it  is  more  nodular  and  gray  and  less  shiny  than  fat.  It  is  so  like  fat, 
however,  that  it  is  often  possible  to  overlook  it  as  evidence  of  disease 
by  one  unfamiliar  with  the  condition.  In  this  area  acid-fast  bacilli 
looking  like  the  Bacillus  leprs  are  found  in  large  numbers.  These 
bacilli  are  also  found  in  the  lymph  nodes  and  sometimes  in  small  nodules 
which  appear  in  the  liver  and  lung. 

'  Babes,  in  Kolle  und  WasBermann,  "Handbuch,"  etc.,  Erst.  Ergftuz.  Bd.,  1907. 

*Stefan»ky,  Centralbl.  f.  Bakt.,  xxxiii,  481. 

»  Rabimn'itsch,  Centralbl.  f .  Bakt.,  xxxiii,  .577.  . 

*  Dean,  Centralbl.  f.  Bakt.,  xxxiv,  222;  Jour.  Hyg.,  xcix.  ' 
>  Tidtwell,  cited  by  BrinkerhofT  in  "The  Rat  and  Ita  Relation  to  Public  Health," 

Treas.  Dept.,  Wash.,  1910. 

•  Whary,  J.  A.  M.  A.,  June  6,   1908,  p.  1903;  Jour.  Inf.  Dia.,  dvii.  Rep,  U.  8. 
P.  H.,  and  M.  H.  8.,  xxiii,  1841. 

'  MeCov,  Rep.  U.  8.  P.  H.  and  M.  H.  S.,  xxiii,  081;  Abetr.  in  J.  A.  M.  A., 
Aug.  22,  1906,  690. 
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The  disoase  can  be  transmitted  I'xpprimpntally  frnm  rat  to  rat  and 
probably  is  transraittt-d  naturally  from  nit  to  rat  by  tho  agt-ncy  of 
fl<'as  (Wherry,  McCoy).  Although  clinically  not  exactly  like  limnan 
leprosy  the  condition  is  sufficiently  like  it  to  arouse  much  hygienic 
interest.  The  distribution  of  the  diseaae  in  various  parts  of  the  world 
does  not  correspond  with  the  distribution  of  leprosy.  A  peculiar  feature 
of  its  distribution  is  the  (act  that  in  San  Francisco,  as  the  writer  was 
told  by  McCoy,  almost  all  the  rata  that  suffered  from  this  ilisease  came 
from  the  district  in  which  the  retail  meat  business  is  located,  knt)wn  as 
"Butchertown."  The  organisms  were  made  to  multiply  in  vitro  by 
Zinsser  and  Cary  in  plasma  preparations  of  growing  rat  spUn-n.  t'lmpin 
has  succeede<l  in  cultivating  them  by  a  method  analogous  to  the  trj'psin- 
egg  albumen  method  employed  by  Duval.  In  the  experiment's  of  Zinsser 
and  Cary  it  was  found  that  although  the  organisms  may  retain  their 
acid-fast  characteristics  for  many  weeks  within  leucocytes  they  degen- 
erate rapidly  within  the  spleen  cells,  a  fact  which  seems  to  have  some 
bearing  on  the  mechanism  of  resistance  pos.se8sed  by  the  body  against 
acid-fast  organisms. 
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CHAPTER  XXXV 

BACILLUS    DIPHTHERLE,    BACILLUS    HOFFMANNI,   AND    BACILLUS 

XEROSIS 

BACILLUS  DIPHTHERIA 


Since  1821,  when  Brctonnoau  of  Tours  published  his  obaerva- 
tions,  (liphthoriii  hiui  bcon  au  uccuratt-ly  ivuognizod  clirucal  entity. 
Our  knowlfdgc  of  the  di.sca.sc  in  the  .sense  of  modem  bactcriologj', 
liowever,  begins  with  the  first  description  of  Bacillus  diphtheria;  by 
Klebs  in  ISSIJ.  KU-bs '  had  observed  in  the  pseuiloniembranos  from 
diphtheritic  throats,  bacilli  which  in  the  light  of  more  recent  knowled^ 
we  can  hardly  fail  to  recognize  as  the  tiiie  dipiitheria  orgauisni.  His 
work,  however,  was  purely  morphological  and,  therefore,  inconcluidve. 
One  year  after  this  announcement,  Lo<?ffler'  isolated  and  cidtivatwl  an 
organism  which  correspondetl  in  its  morphological  characters  to  the  one 
d<'scnbed  by  Klebs.  He  obtained  it  from  thirteen  clinically  irnqm-si- 
tiotied  cases  of  diphtheria,  and,  by  inoculating  it  upon  the  injured  mucous 
surfaces  of  animals,  succeeded  in  producing  lesions  which  n-senibUxl 
closely  the  false  nu-mbranes  of  the  human  di.sease.  His  failure  to  find 
the  bacillus  in  all  the  cases  he  examined,  his  finding  it,  in  one  instance, 
in  a  normal  throat,  and  his  inability  to  explain  to  his  own  satisfaction 
some  of  the  systemic  manifestations  of  the  infection  which  we  now 
know  to  be  due  to  the  toxin,  caused  him  to  frame  his  conclusions  in 
a  tone  of  the  utmost  con8er\'atism.  The  second  and  thinl  publications 
of  Loeffler,"  however,  antl  the  iixjuiry  into  the  nature  of  the  toxins 
produced  by  the  bacillus,  [)ul>li.sheci  in  ISSK  by  Roux  and  Yersin,' 
elimimUed  all  rcmaininfi  doubt  as  to  the  etiological  relationship  existing 
between  this  organism  and  the  disease. 

Imiumerablc  observations,  both  clinical  and  bacteriological,  by 
other  workers,  have,  since  that  time,  confirmed  the  early  investigations, 

«  Klebi.  Verh.  d.  2.  Kongr.  f.  inn.  Mwlir.in,  Wieahaden,  188:1. 
'Loeffler,  Mittlipil.  a.  <1.  kais.  Gcaunilheitsanit,  18.S-1. 
>  Loeffler,  Cent.  f.  Bakt.,  1887  and  1890. 
•  Rous  and  Yeriin,  Ann.  de  I'inat.  Paateur,  1888  and  1S89. 
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and  it  18  to-day  a  srirntifip  ncccsaity  to  find  the  bar illus  of  Klrbs  and 
Loefflcr  in  tho  lesion  beforo  a  diagnosis  of  •'diphtheria"  can  properly 
bo  made. 

Morphology  and  Staining. — Whilr  Harillns  diphtheria?  prewnts 
certain  chanictcristic  appearances  whicli  facilitate  its  recognition,  it  is, 
at  the  same  time,  subject  to  a  number  of  morphological  variations  with 


Fro.  106. — Baoixus  diphtheri.b. 

all  of  which  it  is  important  to  bi'  familiar.  These  variations  arc,  to  a 
limited  extent,  dependent  upon  the  age  of  the  culture  and  upon  the 
constitution  of  the  medium  on  which  it  has  been  grown.  These 
factors,  however,  do  not  control  the  ajipearancc  of  tho  organism  with 
any  degree  of  regularity,  and  any  or  all  of  its  variou.-^  forms  may  occur 
in  one  and  the  same  culture.  It  is  likely  that  the.se  different  appear- 
ances represent  stages  in  the  growth  aiul  degenr-ration  of  the  indi- 
vidual bacilli,  but  there  does  not  seem  to  be  any  just  reason  fm- 
believing  that,  as  several  observers  have  stated,  there  is  definite  correla- 
tion between  its  microscopic  form  and  its  biological  characteristics,  such 
as  virulence,  toxicity,  etc. 
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The  bacilli  are  slemler,  straight,  or  slightly  curved  rods.  In  len^h 
they  varj'  from  1.2  mirra  to  G.4  niicra,  in  breadth  from  0.3  to  1.1.  As 
seen  most  frequently  when  taken  from  the  throat  they  are  about  4  to 
6  micni  in  length.  They  are  rarely  of  uniform  thickness  throughout 
their  length,  showing  club-shaped  thickening  at  one  or  both  ends. 
Occasionally  they  may  be  thickest  at  the  center  and  taper  toward  the 
extremitie.»<.  \\'hen  thickened  at  one  end  only,  a  slender  wedge-shape 
rcisult*.  Such  forms  are  usually  straight,  of  smaller  size  than  their 
neighbors,  and  are  more  often  stained  with  great  uniformity.  These 
are  spoken  of  by  Beck'  as  the  "ground  type,"  and  as.sumed,  for  in- 
sufficient reasons,  to  be  the  young  individuals.  Branched  forma 
have  been  described  by  some  investigators.  They  are  rare  and 
probably  to  be  regarded  as  abnormal  or  involution  forms  due  to  un- 
favorable environment. 

The  orgnni.sms  stain  with  the  aqueous  aniltn  dyes.  A  characteristic 
irregularity  of  staining  which  is  of  great  aid  in  diagnosis  is  best  obtained 
with  lioeffler's  "  alkaline  methylene-blue."  (For  preparation  see  section 
on  Staining,  p.  %.)  Stained  with  this  solution  for  five  to  ten  minutes* 
many  of  the  bacilli  appear  traversed  by  unstained  transverse  bands 
which  give  them  a  striped  or  beaded  ajipearance.  The  longer  indi- 
\iduals  often  have  a  strong  resemblance  to  short  chains  of  stropto- 
coi'ci.  ()thers  may  appear  unevenly  granular.  In  cultures  which 
are  about  eighteen  hours  old,  many  of  the  bacilli  may  show  dwply 
stained  oval  botlies  situated  moat  frequently  at  the  ends.  These  are 
the  so-called  "  polar  "  or  "  Babe.H-Ern.st "  bodies.'  Special  stains  have 
been  devised  for  the  demoustratiou  of  these  appearances.  One  of  these 
was  originated  by  Neiaser,'  who  claims  for  it  differential  value  in 
distinguishing  thc-w;  organisms  from  pseudodiphtheria  and  xerosis 
bacilli. 

His  method  requires  two  solutions: 

1.  Methylene  blue  (GrOhler) 1  gram. 

Alcohol.  96  per  cent 20    cc. 

Glacial  acetic  acid 50     " 

Water 950    " 

2.  Biamapck  brown 2  fcrntas. 

Water 1,000   c.c. 


•  Beck,  in  KoUe  <md  Wamermann,  ii,  p.  773. 

•  Babtt.  Zeit.  f.  Ilyj;.,  B<1.  v,  1889. 
tNei»»er,  Zcit.  f.  Hyg.,  xxiv.  1887. 
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'The  cover-slip  preparation,  after  having  been  fixed,  is  stained  with  so- 
lution No.  1  for  one  to  threi>  seeonds.  It  is  thi-n  washed  in  water  antl 
immersed  for  from  three  to  five  seconds  in  sokition  No.  2.  With  this 
stain  the  Indies  of  the  bacilli  appear  brown,  the  polar  granules  blue. 

Another  method  which  luis  been  extensively  used  is  that  of  Roux. 
The  solutions  required  for  this  are: 
1. 


Dublin  violot 

-Vlcohdl.  fW  [wr  cent . 
Aq   ricst.  ... 
Metliyl  greon 
.Mcohol,  90  per  cent . 
.\q.  iKwl 


1  gram. 
1(»  c.c. 
>l  UH)    '■ 
1  gram. 
10  c.c. 
,cl  100    " 


of  2.  Preparations  are  sUiined  in  this  mixture  for  two  minutes.  The 
polar  Ixxlies  appear  a  dark  violet.  Other  methods  for  the  staining  of 
polar  Iwdies  have  been  recommended. 

The  significance  of  the  polar  Ixidie-s  is  not  well  understood.  Their 
discoverer,  Ernst,  regarded  them  jis  bodies  analogous  to  the  spores  of 
other  organisms.  The  case  witli  wliich  they  are  .stained,  however,  and 
the  low  temperatures  to  which  the  baeteria  succumb  make  this  appear 
ver>'  uidikely.     A  more  probable  interpretation  seems  to  be  that   of 

^^  Rscherich  '  who  regar<ls  them  iis  chromatic  granules. 

^H       Stained  by  Gram's  method,  the  diphtheria  bacilli  retain  the  gentian- 

^H  violet. 

^H       In  stained  smears  from  the  throat  or  from  cultures  a  characteristic 

^■grouping  of  the  bacilli  has  been  observed.    They  lie  usually  in  small 

^Hclusters,  four  or  five  together,  parallel  to  each  other,  or  at  sharp  angles. 

IFTwo  orgaiiLsms  may  often  be  seen  attacbeil  to  each-other  by  their  cor- 
responding ends  while  their  bodies  diverge  to  form  a  "V"  or  "  Y"  shape. 
Biological  Characteristics.— The  diphtheria  bacillus  is  a  non-motile, 
non-flagellated,  non-spuri'-ft inning  aerobe.     Its  preference  for  oxygen 
is  marked,  but  it  will  grow  in  anaerobic  environment  in  the  presence  of 

■suitable  carlmhydrates.  It  does  not  li(|uefy  gelatin.  The  liacillus  grows 
at  temperatures  varying  between  1!)°  ( '.  and  42°  C.  the  most  favorable 
temperature  for  its  development  being  37.5°  C.  Temperatures  alMve 
37.5°.  while  not  entirely  stopping  it,s  growth,  impede  the  development 
of  its  toxin. 

Resistance. — The  thennal  death  jwint  of  this  organism  is  58°  C.  for 
ten  minutes,  according  to  Welch  and  Abbott.    Boiling  kills  it  in  about 

'  EDcherUh,  ".\elologic,  etc.,  d.  Diplitli,"  Wien,  1894. 
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one  minute.  Low  temperatures,  anil  even  freezing,  are  well  Ixime. 
Desiccation  and  exposure  to  light  are  not  so  fatal  to  this  organism  as 
to  mo><t  of  the  other  piithoRenic  Inieleria.  Stcrnherg'  has  found  it 
alive  in  dried  bits  of  the  pseuiiuiiienihrane  after  fourteen  weeks.  It  is 
easily  killed  by  chemieal  tlisinfeet^mts  in  the  strengths  customarily 
emploj'ed.  HjO»  seems  especially  efficacious  in  Idlling  the  organisms 
rapiilly. 

Cultivation, — The  diphtheria  bacillus  grows  readily  on  most  of  the 
richer  hibonitory  media.  It  will  grow  upon  me<lia  made  of  meat  ex- 
tract, but  develops  more  luxuriantly  on  all  those  which  have  a  meat 
infusion  as  their  basis.  While  it  will  grow  upon  both  acid  and  alkaline 
media,  it  is  sensitive  to  the  extremes  of  both,  the  most  favorable  reaction 
for  its  tlevelopnient  being  probably  about  0.5  per  cent  alkalinity  ex- 
pressed in  tenns  of  7  NaOH.  Animal  proteifls  added  to  the  media, 
in  the  form  of  blood  serum,  ascitic  fluid,  or  even  whole  blood,  incre:ise 
greatly  the  rapiility  and  richness  of  its  growth.  Horse  serum  is  sup- 
posed by  some  to  be  especially  favorable.' 

Loejjler's  ^fedium. — The  most  widely  u.sed  medium  for  the  cultiva- 
tion of  this  bacillus  is  the  one  devised  by  Loeffler.    Tliis  consists  of: 

Beef  blood  serum 3  porta 

One  per  cent  glucose  meat-infuaion  bouillon 1  part 

The  mixture  is  coagulatetl  at  70°  C.  in  slanted  tubes  and  sterilized  at 
low  temperatures  by  the  fractional  method.  Upon  this  medium  the 
diphtheria  bacillus  in  twelve  to  twenty-four  hours  develops  minute, 
graj-ish-white,  glistening  colonies.  These  enlarge  rapidly,  soon  out- 
stripping the  usually  accompanjnng  streptococci.  The  medium  seems 
to  possess  ahnost  .selective  powers  for  the  bacillus  and,  for  this  reason, 
it  is  especially  valuable  for  diagnostic  purposes. 

Meat-Infusion  Agar. — Upijn  slightly  alkaline  meat -infusion  agar  the 
bacillus  develops  readilj',  though  less  so  than  on  Loi'ffler's  serum.  Or- 
ganisms which  have  been  on  artifieiiU  metlia  for  one  or  more  genera- 
tions may  grow  with  speed  and  luxuriance  upon  this  medium.  When 
planted  directly  from  the  hmiiaii  or  animal  bmly  upon  agar,  however, 
growth  may  occasionally  be  slow  and  extremely  delicate.  Colonies  on 
agar  appear  within  twenty-four  to  thirty-six  hours  as  small,  rather  trans- 
lucent, grayish  specks.  The  appearance  of  these  colonies  is  quite  char- 
acteristic and  easily  recognized  by  the  practiced  observer.   Surface  colo- 
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>  Sternberg,  "Manual  Bac,"  p.  455. 
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nies  are  irregixlarly  round  or  oval,  showing  a  dark,  heapcd-up,  nucleus- 
like center,  fringed  :ilx)ut  by  a  loose,  coarsely  granular  disk.  The  edges 
have  a  peculiarly  irregular,  torn  appciirance  which  <h.stinguishes  thera 
readily  from  the  sharply  defined  streptococcus  colonies.  For  these 
reasons  agar  is  the  medium  most  commonly  used  for  purposes  of  iso- 
lation. 

The  addition  of  dextrose  1  per  cent,  nutrosc  2  per  cent,  or  glycerin 
6  per  cent,  renders  agar  more  favorable  for  rapid  growth,  but  unfits  it 
for  the  preservation  of  cultures,  the  organism  dying  out  more  rapidly, 
probably  Ixicause  of  acid  formation. 

Meairlnjiision  Broth. — Upon  Ijeef  or  veal  broth  the  diphtheria  bacil- 
lus grows  rapidly,  almost  invariably  fomiing  a  pellicle  upon  the  surface, 
— another  expression  of  its  desire  for  oxygen.  The  broth  remains  dear. 
Broth  tubes  with  such  growlh,  therefore,  have  a  characteristic  appear- 
ance. 

Meat-infusion  gelatin  is  a  favorable  medium  for  the  Klebs-Loeffler 
bacillus,  but  growth  takes  place  slowly  because  of  the  low  t^-mperature 
at  which  this  medium  must  bo  kept.     Gelatin  is  not  fluidified. 

Milk  is  an  excellent  medium,  and  for  this  rcii-son  may  even  occa- 
sionally be  a  vehicle  of  transmission.  There  is  no  coagulation  of  the 
milk. 

Upon  potato,  B.  diphtheriae  will  grow  only  after  neutralization  of  the 
acid.    It  is,  at  best,  however,  a  poor  nutrient  mediiun. 

Upon  the  various  pepton  soliUions  the  bacillus  of  diphtheria  produces 
no  indol. 

Many  special  media  have  been  recommended  for  the  cultivation  of 
this  organism.  The  nn)st  important  of  these  are  the  modification  of 
Locffler's  serum  devised  by  Beck,'  the  horse-blood-fibrin  cake  used  by 
Elschcrich,  and  Wfissemiann's  ascitic-fluid-nutrose-agar,  called  by  him 
"Nasgar."  None  of  these  has  sufficient  advantiiges  over  the  simpler 
media,  however,  to  make  its  substitution  desirable. 

Isolation. — Cultures  are  taken  from  throats  upon  Loeffler's  blood 
serum.  These  are  pemiitted  to  grow  at  37.5°  C.  for  from  eighteen  to 
twenty-four  hours.  At  the  end  of  this  time  about  5  c.c.  of  bouillon  arc 
poured  into  the  tubes  and  the  growth  is  gently  emulsifietl  in  the  broth 
with  a  platinum  kwiji.  Two  or  three  loopfuls  of  this  emulsion  are  then 
streaki'cl  over  the  surface  of  glucu.se  agar,  serum  agar,  or  nutrosc  :igar. 
After  twenty-four  hours'  incubation  these  plates  show  characteristic 


L 


'  M.  Beck,  KoUe  und  Wassennann;  Brit.  Mc<t.  Joiir. 


518 


PATHOGENIC  MICROORGANISMS 


P 


colonies  which  can  be  easily  fished  and  again  transferred  to  LoeflBer 
tubes  or  any  other  suitable  medium. 

Diagnosis, ^Cultures  from  suspected  throats  are  taken  on  Loeffler's 
blooil  serum  ineiiium  iind  incubated  at  37.5°  C".  for  12  to  18  hours.  At 
the  end  of  this  time  murpluilogical  examination  by  staininfr  with  Loef- 
fler's alkaline  methylene  blue  and  by  some  polar  body  stain  like  that 

of  Neisser  is  carried  out.  Occa- 
sionally direct  smears  from  the 
throat  may  show  the  bacilli,  but  it 
is  rarely  possible  to  make  a  satis- 
factory diagnosis  in  this  way. 

Williams  has  pointed  out  that  in 
throat  cultures  in  which  the  diph- 
theria bacilli  are  few  in  number 
it  is  of  advantage  to  inoculate  a 


Fio.  106. — CoujOTBs  OF  BACiij.na 
DiPHTUERiA  ON  Glycerin  Aoak. 


HB^  M;     ^      ^t(ff       tube    of    ascitic    broth    with    the 

Wf^L  mixed  culture.    The  diphtheria  ba- 

r^^^J  cilli    will    appear    in    eighteen    to 

twenty-four  hours  as  a  pellicle  on 
the  surface.  A  portion  of  this 
pellicle  may  then  be  plated  oa 
ascitic  agar  and  isolated  in  pure 
culture  from  the  colonies. 
Pathogenicity. — Bacillus  diphtheriae  causes  a  more  or  less  specific 
local  reaction  in  mucous  membranes,  which  results  in  the  formation  of 
the  so-called  "pseudo-membnines. "  When  these  are  characteristically 
present,  infection  with  this  bacillus  should  always  be  suspected.  The 
consequent  disease  depend.s,  in  part,  upon  the  mechanical  disturbance 
caused  by  the.se  false  membranes  and,  in  part,  upon  the  systemic  poi- 
soning with  the  toxin  which  the  bacilli  produce.  Although  the  diph- 
theria bacillus  has  been  found  iifter  death  in  the  spleen  and  liver,  we 
have  no  data  which  would  jiwtify  the  a.s.sumption  that  a  true  diph- 
theria-septicemia  may  occur  during  life.  It  is  probable  that  in  those 
cases  which  Baginsky  *  has  called  the  septicemic  form  of  diphtheria. 
Bacillus  dijihtheriip  has  merely  opened  a  path  by  which  accompanying 
streptococci  have  gained  access  to  the  IjTnphatics  and  the  blood  stream. 
The  most  frequent  sites  of  diphtheritic  inflammation  are  the  mucous 
membranes  of  the  throat,  larj'nx,  and  nose.     They  have  also  been 


*  Bofiniilti/,  "Lt'hrbuch  rl.  Kinderkrenkhciten." 
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rfound  in  the  car,  upon  the  mucous  membrane  of  the  stomach  and  the 
vnlva,  and  upon  the  conjunctivn  iuul  the  skin.  According  to  Loeftler, 
Strelitz,'  and  others,  the  bacillus  may,  by  i^xtcnsion  from  the  larynx, 

1  give  rise  to  a  true  dipfitheritic  broncho-pneumonia. 

For  the  usual  laboratory  nniiiuils  the  diplitheria  bacillas  is  very 
pathogenic.  Dogs,  cats,  fowl,  rabbits,  and  guinea-pigs  are  susceptible. 
Kats  and  mice  are  resistant.  False  membranes,  analogous  to  those 
found  in  human  beings,  have  been  produced  in  many  animals,  but 
only  when  inoculation  had  been  preceded  by  mechauieal  injuiy  of  the 

mucosa.  Small  rpiantities  (0.5  to  1  c.c.)  of  a  virulent  broth  culture, 
given  subcutaneously  to  a  guinea-pig,  may  produce  the  gravest  symp- 
toms and  within  six  to  eight  hours  tlic  animal  may  show  signs  of  great 
discomfort.  Death  occurs  usually  within  thirty-six  to  seventy-two 
hours.  Upon  autopsy  the  jioiut  of  inoctUation  is  soggy  with  serosan- 
guineous  exudate;  neigtdniring  lympli-noiies  are  edematous.     Lungs, 

'  liver,  spleen,  aqd  kidneys  are  congested.  There  may  be  pleuritic  and 
peritoneal  exudates.  Pathognomonic  is  a  severe  congestion  of  both 
suprarenal  bodies.  Tlie  gastric  ulceration  recently  described  by  Rose- 
nau  and  Anderson  -  may  occur,  but  are  by  no  means  regularly  found 
(two  out  of  fifty  in  our  scries  '). 

Determination  of  Virulence. — When  diphtheria  or  diphtheria-like 
bacilli  are  isolated  from  the  throats  of  patients  not  showing  typical 
clinical  diphtlieria,  or  frtmi  liealthy  individuals  suspected  of  being 
carriers,  it  is  important  to  determine  whether  these  organisms  arc  viru- 
lent. The  usual  criterion  is  their  virulence  for  guinea-pigs.  Two  c.c. 
of  a  fort.v-cight-liour  broth  or  a.scitic  broth  culture  are  in,icc{pd  sub- 
cutaneously into  a  normal  guinea-pig.  This  dose  will  kill  the  pig  in 
three  to  five  days  if  the  culture  is  virulent.  A  control  injection  should 
always  be  made  into  another  pig  of  the  same  weight,  which  has 
previously  received  an  injection  of  antitoxin  (at  least  250  units). 
Recenlly  Neisser  has  suggested  that  the  intracutaneous  injection  of 
the  suspected  bncilli  may  be  used  for  the  determination  of  virulence. 
This  has  the  advantage  of  economy,  as  several  tests  can  be  carried 
out  on  the  same  pig.  The  method  as  applied  by  Zingher  and  Soletsky  * 
has  been  to  use  the  following  modifieation  of  Neis,ser's  method:  Two 
guinea-pigs  of  about  250  gr.  are  used  for  the  test.     The  abdominal 

'SlrdUz,  Arch.  f.  Kinderhpiik.,  1891. 

*  Rotenau  and  AndfTSon,  Jour.  Inf.  Dis.,  iv,  1907. 
*Zxnuer,  Joum.  Med.  Res.,  xvii,  19<(7. 

*  Zingher  and  Solelsky,  Jour.  Inf.  Dis.,  1916,  xvii,  54. 
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wall  is  prt'part'd  by  sliavinj;  or  plueking  nut  the  hair.  A  twcnty-fonr- 
hour  pure  culture  ou  Loeffler's  medtiiiu  is  emulsified  in  2U  e.c.  of 
iiurtiiul  salt  solution  and  0.15  c.c.  of  this  suspenHion  is  injected  intra- 
cutaiieously  at  a  corresponding  site  into  each  of  the  two  guinea-pipj. 
One  of  these  animals  is  given  at  the  same  time  an  intracardial  injec- 
tion of  about  230  units  of  antitoxin,  or  is  prepared  by  an  intraperi- 
toneal injection  of  antitoxin  twenty-fnur  hours  before  the  tests  ure 
made.  Six  cultures  may  be  tested  in  this  way  on  two  animals.  Viru- 
lent strains  produce  a  definitely  circumscribed  local  infiltrate<l  lesion, 
which  shows  superficial  necrosis  in  two  to  three  days.  In  the  control 
pig  the  skin  remains  normal.  This  metlidd,  in  the  hands  of  Zingher. 
gives  results  parallel  to  those  obtained  with  the  subcutaneous  tests. 

Diphtheria  Toxin.' — Animals  and  man  infected  with  B.  diphtheria? 
show  eviiiences  of  severe  systemic  disturbances  and  even  organic  de- 
generations, while  the  microorganism  itself  can  be  found  in  the  local 
lesion  only.  This  fact  led  even  the  earliest  observers  to  suspect  that, 
in  part  at  least,  the  harmful  results  of  such  an  infection  were  attrib- 
utable to  a  soluble  and  diffusible  poison  elaborated  by  the  bacillus.  The 
actual  existence  of  such  a  poison  or  toxin  was  definitely  proved  by 
Roux  and  Yersin  -  in  1SS9.  They  demonstrated  that  broth  cultures  in 
which  15.  diphtberiii-  had  been  grown  for  varying  periods  would  remain 
toxie  for  guinea-pigs  after  the  organisms  themselves  had  been  removed 
from  the  culture  fluid  by  filtration  through  a  Chamberland  filter. 

JIktiiod.^  ok  PKunrcTioN  ok  Du'iitiikri.\  To.mn. — While  toxin  can 
be  produced  with  almost  all  of  the  virulent  diphtheria  bacilli,  there  is 
great  variation  in  the  speed  and  degree  of  production,  dependent  upon 
the  strain  of  organisms  enijiloyed  and  upon  the  ingredients  and  reac- 
tion of  the -medium  upon  which  they  are  grown.  Most  laboratories 
pos.sess  one  or  several  strains  of  bacilli  which  are  empirically  known 
to  be  especially  potent  in  this  respect.  One  of  the  most  extensively 
used,  not  only  in  this  country  but  in  Europe  as  well,  is  the  strain 
known  as  "Culture  Americana."  or  "Park-Williams  Bacillus  No.  8." 
an  organism  isolate*!  by  Dr.  Anna  Williams  of  tiie  New  York  Depart- 
ment of  Health  in  1894.  Throufjhont  more  than  ten  years  of  cultiva- 
tion this  bacillus  has  retained  its  great  power  of  toxin  production. 

Becau.se  of  the  .severity  of  cases  of  diphtheria  in  which  the  diph- 
theria bacilli  were  associated  with  streptococci,  many  observers  were 
led  to  believe  that  the  presence  of  streptococci  tended  to  increase  the 
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toxin-producing  power  of  B.  diphtheria?.    Experiments  by  Hilbert, ' 
TliL'oltald  Smith,-  itnd  others  sef'iii  to  have  tjivcn  sii]>i»ort  to  this  view. 

The  medium  most  fre(|Uently  empkiycd  for  the  production  of  toxin 
is  a  beef-infusion  hroth.  There  are  minor  ditferenees  of  opinion  as  to 
the  most  favorabk'  fonatitutiou  of  this  mediuiii  for  the  production  of 
toxin.  All  aj?ree,  however,  in  n-cognizinj;  the  iuiportauee  of  peptone, 
witliout  which,  according  to  Madsen,'  no  satisfactory  toxin  has  yet  been 
produced.  This  is  added  in  proportions  of  from  one  to  two  per  cent. 
The  presence  of  sugars  in  tlie  mediniu  is  not  desirabie  in  that  it  leads 
to  acid  production;  L.  ^[artin*  removes  the  sugars  from  the  meat  by 
fermentation  with  yeast.  Smith  ^  acc-oni|disiu'S  the  same  purpose  with 
B.  coli.  According  to  Park  and  Williams,''  however,  this  is  super- 
fluous, the  quantity  of  sugar  present  in  ordinary'  butcher's  meat  not 
being  sufficient  to  exert  unfavorable  inHitence. 

Experience  has  shown  that  a  primary  alkaline  reaction  offers  the 
most  favorable  conditions  for  toxin  production.  In  all  cultures  of  B. 
diphtheria'  in  non-sugar  free  broth,  there  is,  at  first,  a  production  of 
acid  and,  while  this  continues,  there  is,  as  Spri)nk  '  luis  shown,  little 
or  no  evidence  of  toxin  elaluiration.  Park  and  Williams,"  in  an  inquiry 
into  the  question  of  reaction,  came  to  the  conclusion  that  the  best 
results  are  obtained  with  a  broth  to  which,  after  neutralization  to 
litmus,  ~  NaOH  is  added  in  an  amount  of  7  c.c.  to  the  liter.  In  such 
a  medium  the  largest  yield  tif  toxin  is  obtained  after  about  five  to 
eight  days'  growth  at  a  temperature  of  37.5°  C. 

Free  access  of  oxygen  to  the  culture  medium  during  the  growth 
of  the  organisms  has  been  found  to  be  of  great  iiiqiortance.  Roux  ob- 
tained this  by  passing  a  stream  of  oxygen  througli  the  bouillon.  The 
supply  is  quite  sufficient  for  practical  purposes,  however,  if  the  medium 
is  distributed  in  thin  layers  in  large-necked  Erlenmeyer  flasks. 

Chemical  N.vtl'hk  and  Physical  Proi'i-;rtie;s  of  Diphthkria 
Toxin. — The  chemical  composition  of  diphtheria  toxin  is  not  known. 
Bricger  and  Frankel,"  by  repeated  precipitation  with  alcohol,  suc- 


» IJilbfrl,  Zeit.  f.  HyR.,  xxix,  1898.  '  Smith,  Medical  Rw.,  May,  1890. 
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»  Th.  Smith,  Jour.  Exp.  Med.,  iv,  1899. 

•  Port  and  WUJiams,  Jour.  Exp.  Med.,  1897. 
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cefded  in  extracting;  fruiu  ti>xic  bonillim  a  white,  water-soluble  pov 
which  possessed  most  of  the  poisonous  p'-operlics  of  the  brotii  itself. 
This,  in  solution,  guve  many  of  the  useful  proteid  reactions,  but  dif- 
fered from  protei<ls  in  failinj;  to  coaj^ulate  when  boiled  and  in  not 
giving  precipitates  when  treated  with  magnesium  sulphate,  sodium 
sulphate,  or  nitric  acid.  It  was  believed  by  them  to  be  closely  related 
to  the  albunioses,  bodies  rei)rcseatinji:  intermediate  phases  in  the  pep- 
tonization of  albumins.  Similar  results  have  been  obtained  by  Was- 
Berraaun  and  Proskauer,*  Brieger  and  Boer,*  and  others.  I'schinsky,* 
on  the  other  hand,  hiis  disputed  tlie  proteid  nature  of  toxins  in  gen- 
eral, having  produced  diphtheria  toxin  by  growing  the  organism  upon 
a  medium  entirely  free  from  albuminous  bodies.  Uschinsky  believes 
that  the  protein  reactions  ob.served  by  otliers  may  be  due  to  ingredi- 
ents of  the  precipitates  other  than  the  toxin.  It  is  not  impoasible, 
howevex,  that  tiie  organisms  may  have  produced  proteid  substances 
by  synthesis  from  the  .simpler  substances  in  Uschinsky 's  medium.  The 
production  of  toxin  from  such  a  medium,  therefore,  is  not  a  conclusive 
argument  against  the  proteid  nature  of  toxins.  Accurate  chemical  iso- 
lation and  analysis  of  diphtheria  toxin  have  not  yet  been  accomplished. 

Diphtheria  toxin  is  destroyed,*  wlien  in  the  Huid  form,  by  tempera- 
tures of  58°  to  60°  C.  In  the  dry  state,  it  resists  a  temperature  of 
70°  C.  aiul  over,  without  change.  Light  and  free  access  of  air  prothice 
rapid  deterioration.  Sealed,  protected  from  light,  and  kept  at  almost 
freezing  point,  the  toxin  remains  stable  for  long  periods.  Electrical 
currents  passed  t!irciu;.'h  toxic  broth  have  little  or  no  etTect  upon  it. 

Transmission. — Diphtlieria  is  transmitted  from  one  individual  to 
another  directly  or  indtrectlj'  by  contact  or  droplet  infection — a-s  in 
eoughing,  etc.  It  has  been  f()und  that  individuals  may  retain  virulent 
diphtheria  bacilli  in  nose  and  tliroat  for  long  periods  after  recovery 
from  the  disease.     These  are  the  so-called  "diphtheria  carriers." 

The  problem  of  diphtheria  carriers  has  become  one  of  considerable 
importance  and  has  been  given  special  prominence  of  refcnt  years  by 
the  studies  of  Von  Scholly,  Mf>s.s,  and  Xuttall  and  (Iraham  Smith. 
Anderson,  Qoldberger  and  Haclitel'  studied  4,03fl  healthy  people  in 
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•  Waamrmann  und  Protkauer,  Deut.  nied.  Woch.,  1.S91,  p.  58.5. 
>  Briefer  und  Boer,  Deut.  med.  Woch.,  1896,  p.  783. 

'  V$chin$ky,  Cent.  f.  Bakt.,  xxi,  1897. 

•  Rmix  et  Yersin,  lor.  cit. 

•  OoUheruer,  WiUiams  and  Hachld,  Bull.  No.  101,  of  the  Hygienic  Laboratories, 
of  the  U.  S.  Public  Health  Service. 
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the  city  of  Detroit,  and  found  that  0.928%  harbored  bacilli  identical 
morphologically  with  the  Klcbs-Lopnier  bacillus.  This  fiirure  is  rather 
lower  than  those  of  some  other  iuvestiftatoi-s,  but  wuuld  indicate,  as 
the  writers  stated,  tliat  there  were  from  5,000  to  6.000  diphtheria  car- 
riers in  the  city  of  Detroit. 

Of  19  cultures  isolated  from  19  of  the  carriers,  only  2  were  virulent, 
which  would  indicate  that  only  0.097%  of  the  people  examined  carried 
oritanisms  capable  of  producing  disease.  An  iuteiestin^  further  puiut 
is  that  the  bacillus  Hoffmanni  was  present  in  at  least  41.9%  of  over 
2,000  individuals  examined,  and  that  47  cultures,  morpholo^'ically 
identitied  as  Bacillus  Hoffmanni,  were  avirulent.  This  would  conlirni 
the  impression  gained,  we  believe,  by  most  experienced  laboratory 
workers  that  a  true  Ilotfmanni  can  be  distinguislii^d  with  considerable 
certainty  from  a  Klebs-Loeffler  bacillus  by  morpln>lof;ical  examination 
alone,  and  that  its  significance  is  probably  that  of  a  frequently  present 
saprophyte  of  the  throat  and  pharynx.  The  studies  of  Goldberger, 
Williams  and  Ilaehtel  also  indicate  that  in  examining  for  diphtheria 
carriers  it  is  best  not  to  confine  oneself  either  to  the  nose  or  throat,  but 
that  cultures  should  be  taken  from  both  places  in  eveiy  ease. 

Bacteria  Similar  to  Bacillus  Diphtheris. — Bacim^us  Hoffmanni 
{Pseudodiphtheria  bacillus). — Iloffuiann-Wellenhoff,'  in  1888,  and,  at 
almost  the  same  time,  Loeffler,"  described  bacilli  which  they  had  culti- 
vated from  the  throats  of  normal  persons  and  in  si'verni  insta»<'es  from 
those  of  diphtheritic  persons,  which  were  in  many  respects  similar  to 
true  B.  diphtheria,  but  dilTered  from  this  chiefly  in  being  non-patho- 
genic for  guinea-pigs.  These  organisms  were  at  first  regarded  by  some 
observers  as  merely  attenuated  diphtheria  bacilli.  More  recent  inves- 
tigations, however,  prove  them  to  be  iin<iuestionabIy  a  separate  species, 
easily  diflferentiable  by  proper  methods.  They  difTer  from  B.  diph- 
therite  in  so  many  important  features,  moreover,  that  the  term  "pseu- 
dodiphtheria  bacillus"  is  hardly  an  appropriate  one  for  them. 

Morpholoijy. — Bacillus  IIofTinanni  is  shorter  and  thicker  than  Ba- 
eilliLs  diphtheria.  It  is  usually  straight  and  slightly  clubbed  at  one 
end,  rarely  at  both.  Stained  with  Loefifler's  blue  it  occasionally  shovs 
unstained  transverse  bands;  urdike  B.  diphtheriie,  however,  these  hands 
hardly  ever  exceed  one  or  two  in  number  at  most.  In  many  cultures 
the  single  transverse  band  gives  the  bacillus  a  diploeoceoid  appearance. 


»  Hoffmann-Wetlenhnff,  Wien.  mwi.  Wo<'h.,  fii,  1888. 
*  Loeffler,  Cent.  f.  Bakt.,  ii,  1887. 
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Staining. — Stained  by  Neisser's  or  Roux'a  method,  no  polar  bodU 
can  be  demonstrated.    The  bacillus  forms  no  spores,  is  non-motile,  and 
possesses  no  flagella. 

Cidiivation. — On  the  iisnal  culture  media  B.  IToffmanni  grows  more 
luxuriantly  than  B.  diphtherire,  developing  even  in  first  isolations  from 
the  human  body  upon  the  simple  iin-at-cxtract  media.  On  agar  plates 
its  colonies  are  larger,  less  tran.sparent,  and  whiter  than  are  those  of 

true  diphtheria  bacilli.  In  fluid  media 
there  is  even  clomling  and  less  ten- 
d<"(icy  to  the  formal  ion  of  a  pellicle 
than  with  B.  diphtheriip.  A  positive 
means  of  (listinotinn  Ix'tween  the  two  is 
given  by  tiie  inaliility  of  B.  IlotVmanni 
to  form  acid  upon  various  sugar  media. 
The  difrerentiatinn  on  a  basis  of  acid 
fonnatiou  was  fii-st  attempted  by  Cob- 
bctt '  and  has  been  recently  worked  out 
systL'inatieally  by  Knapp,^  and  con- 
firiufd  by  various  observers,"  The  re- 
sults of  this  work,  carried  out  with  the 
seriun-water  media  of  Hiss,  to  which 
various  sugars  were  added,  show  that 
li.  Hoffmanni  forms  acid  upon  none  of 
the  sugara  used,  while  B.  diphtheriae 
acidifies  and  coagulates  media  contain- 
ing mono.saccharids  and  several  of  the 
more  compkx  sugars,  as  given  in  the  diagram  in  the  section  following, 
dealing  with  B.  xerosis. 

Differentiation  can  finally  be  made  on  the  basis  of  animal  patho- 
genicity, B.  IlolTiiianni  being  entirety  innocuous  to  the  ordinarj'  labora- 
tory aninjals.  B.  Hoffmanni  forms  no  toxins,  and  animals  immunized 
with  it  do  not  possess  increased  resistance  to  B.  diphtheriae. 

Bacillus  xerosis. — In  1884,  Kutscliert  and  Neisser*  described  a 
bacillus,  isolated  from  the  eyes  of  patients  suffering  from  a  form  of 
chronic  conjunctivitis  known  as  xerosis.  Tliis  bacillus,  which,  niorpho- 
logiciilly,  is  almost  identical  with  B.  diphtheria',  they  believe<l  to  be  the 
etiological  factor  of  the  disease.    The  frequency  with  which  it  has  been 

>  CobbftI,  Cent.  f.  Bakt.,  1898.        >  Knapp,  Jour.  Mpd.  Res.,  vii,  1904. 
'Graham  Smith,  Jour,  of  Hyg.,  vi,  1906;  Zinuer,  Jour.  Med.  Res.,  xvii,  1907. 
'  KtUtcheri  und  Neiaaer,  Deut.  med.  Woch.,  xxiv,  1884. 
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I  isolated  from  normal  eyes,  precludes  this  etiological  relationship,  anil 
it  may  safely  be  regarded  as  a  harmless  parasite  which  may  indeed  be 
more  abundant  in  the  slightly  infiamed  than  in  the  normal  conjunctiva. 
Morplioloyy. — B.  xerosis  resembles  B.  diphtheritc  closdy.  It  is 
occasionally  shorter  than  this,  but  on  the  whole  no  absolute  morpho- 
logical differentiation  between  the 
two  is  possible.    It  forms  no  spores 

»and  is  non-motile.  Polar  bodies 
may  occasionally  be  seen. 
Cultivation.  —  On  Loeffler's 
blood  serum,  on  agar,  glycerin 
agar,  and  in  broth,  its  growth  i.s 
very  similar  to  that  of  B.  diph- 
theria?, but  more  delicate  througli- 
out.  It  cannot  easily  be  cultivated 
upon  the  simple  meat-extract 
media,  nor  will  it  grow  on  gelatin 
at  room  temperature.  Its  colonies 
on   glycerin   or    glucose   agar   are 

P    microscopically       identical       with 
those  of  B.  diphtheria'. 
Differentiation. — It     differs 
from    B.   dipbtiieriap   distinctly    in 
its    acidifying    action    on    sugar 

media.  These  relations  were  fir.st  worked  out  by  Knapp  for  various 
sugars  and  the  alcohol  mannit,  and  have  been  rxtensively  confirmed 
by  others.    See  table  on  page  526. 

A  reference  to  the  table  shows  that  differentiation  may  be  made 
by  the  use  of  two  sugars — saecbarftse  and  dextrin.  B.  diplitheria; 
forms  acid  from  dextrin,  not  from  saccharose ;  B.  xerosis  from  saccha- 
rose, not  from  dextrin;  B.  Hnffnmnni  does  not  form  acid  from  either. 
NB.  xerosis  is  non-pafliogenic  to  animals  and  forms  no  toxin. 
The  Diphtheroid  Bacilli. — In  addition  to  the  bacteria  mentioned 
above,  there  is  a  large  •rnmp  of  inicrourganisms  spoken  of  as  the  dtph- 
thcroid  bacilli,  largely  becjiuse  of  their  morphological  resembbince  to 
the  diphtheria  baeilUis.  For  this  group,  Lehman  and  Neumann  have 
suggestefl  the  term  rorTjnebartrrium.  The  characteristics  of  Ibis  group 
are  a  morphological  similarity  to  the  diphtlieria  bncilJus,  that  they  are 
Gram-positive,  non-motile,  often  shnw  metachromatic  granules  and 
have  no  spores.    It  is  not,  at  the  present  writing,  possible  to  formulate 


Fig. 


108. — Colonies  of  Bacillus 

IIOFFMANJfl    ON    AGAR. 
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a  classification  of  these  organisms.    They  are  apparently  very  numer- 
ous and  have  been  isolated  from  a  great  many  different  sources,  both 
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Fio.  109. — Bacillus  .\t.i>«<ni.->. 


in  connection  with  tlie  human  hotly  and  in  nature.  Recently  Bunting 
and  Yates  have  claimed  that  an  organism  of  this  group  has  etiological 
connection  with  Ilodgkin's  (liscase.  Studies  by  many  other  workers, 
notiilily  by  Hioonificid  and   Fox,  and  studies  going  on  in  our  own 

laboratory  show  that  organisms  very 
similar  to  these  strains  can  be  i.sola- 
ted  from  the  skin,  from  the  lymph 
nodes  of  healthy  and  diseased  people, 
from  ascitic  fluid  in  varying  condi- 
tions, and  from  supposedly  sterile 
tissues.  They  are  freriuently  present 
ill  the  na.sal  mucus  and  in  the  throat, 
anil  are  so  ubiquitous  that  any  as.so- 
eiation  of  thcra  with  specific  disease 
must  be  very  conservatively  ap- 
proached. 
Very  similar  to  this  group  are  the  bacilli  of  pseudo-tuberculosis 
oris,  i.soJated  from  necrotic  lesions  in  the  kidneys  of  sheep  by  I'reisz 
and  Xocard.  It  is  impossible  at  present  to  do  more  than  indicate  that 
the  "diphtheroid  bacilli"  are  a  large  heterogeneous  group,  held  to- 
gether by  morphological  and  superficial  cultural  similarity  and  largely 
consisting  of  .siiprojihytes  and  probably  harmless  parasites  on  the  hu- 
man and  animal  body. 

Shick  Eeaction. — The  studies  of  Roemer  and  others  have  shown 
that  the  bldod  nf  the  nuijority  of  norninl  adults  contains  a  small 
amount  of  diphtheria  antitoxin.  This  normal  antitoxin  probably  ac- 
counts for  resistance  of  many  individuals  to  diphtheria.  Its  presi'nee 
may  be  very  easily  detectcil  by  means  of  the  Shick  reaction.  A  stand- 
ardized diphtheria  toxin  is  diluted  in  normal  saline  so  that  0.1  c.c.  of 
the  solution  contains  1/50  M.L.D.  for  a  guinea-pig.  This  amount  is 
injected  intracutancously.  If  the  blmid  of  the  subject  has  leas  than 
1/30  unit  of  antitoxin  per  c.c,  a  positive  reaction  appears  in  twenty- 
four  to  thirty-six  hours,  which  consists  in  a  slight  uifiltration  of  skin 
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surroundetl  by  a  red  areola,  one  to  two  em.  in  diameter.  A  negative 
reaction  indicates  that  sufficient  natural  antitoxin  is  present  to  pro- 
tect the  individual  against  diphtheria,  although  he  may  nevertheless 
harbor  the  bacilli  as  a  carrier.  It  has  been  found  unnecessary  to  give 
prophylactic  injections  of  antitoxin  to  individuals  with  a  negative 
Shick  reaction.  Park  and  Zingher '  have  found  that  negative  reactions 
were  obtained  in  93  per  cent  of  the  new-born,  and  became  less  fre- 
quent up  to  the  second  or  fifth  year,  when  37  per  cent  were  ne^cative. 
In  older  children  negative  reactions  were  more  frequently  met  with, 
and  about  90  per  cent  of  adults  were  negative.  A  pseudoreaction 
which  appears  °arlier  than  the  true  reaction  and  which  disappears  in 
twenty-four  to  forty-eight  hours  is  occasionally  seen  in  individuals 
who  have  natural  antitoxin.  This  is  due  to  sensitiveness  to  some  of 
the  proteins  used  in  the  injection,  and  may  be  reproduced  in  the  same 
individual  by  the  injection  of  autolysate  of  diphtheria  bacilli  or  some- 
times by  the  injection  of  broth  media.  The  most  satisfactory  method 
for  detection  of  the  pseudoreaction  is  to  make  a  control  injection  of 
1/50  M.L.D.  of  a  toxin  which  has  been  heated  at  80°  C.  for  five 
minutes.  This  heating  destroys  the  toxin,  but  leaves  uninjured  the 
substances  which  produce  the  pseudoreaction. 

Active  Immanization  with  Neutralized  Biphtheria  Toxin. — It  was 
suggested  some  years  ago  by  Theobald  Smith  that  iriore  la.sting  prophy- 
lactic immunity  in  diphtheria  might  be  produced  if  individuals  were 
stimulated  to  produce  their  own  antitoxin  by  injection  of  toxin-anti- 
toxin mixture.  This  method  has  recently  been  applied  by  Rehring  and 
by  Park  and  Zingher.'  It  has  been  found  that  individuals  who  have 
no  natural  antitoxin,  as  shown  by  a  positive  Shick  reaction,  may  be 
rendered  Shick-negative  by  injection  of  diphtheria  toxin  partially  neu- 
tralized by  antitoxin.  For  this  purpose  Park  and  Zingher  recommend 
three  injections  at  intervals  of  six  or  seven  days,  consisting  of  1  c.c. 
of  toxin-antitoxin  mixture  plus  1,000,000,000  killed  diphtheria  liHcilli. 
The  mixture  is  made  up  to  contain  85  to  90  per  cent  of  an  L.  -f  dose 
of  toxin,  per  unit  of  antitoxin.  The  toxin  used  contains  about  four 
L.  -(-  doses  per  e.c.  Individuals  treated  in  this  way  develop  antitoxin 
slowly,  and  in  many  instances  their  Shick  reaction  does  not  become 
>xi^ative  for  from  six  to  eight  months  after  immunii^atiim.  A  few  indi- 
Anduals  apparently  do  not  respond  to  such  immunization  by  the  devel- 
opment of  antitoxin  and  remain  Shiek-poaitive. 

«  Park  and  Zingher,  Am.  Jour.  Pub.  Health,  1916,  vi,  p.  431. 
•  Park  and  Zingher,  Jour.  Am.  Med.  Aas.,  1915,  Ixv,  p.  2216, 
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(Glanders  Bucillus) 


Glanders  is  an  infectious  disease  prevalent  chiefly  among  horses, 
but  transmitted  occa.sionally  to  other  domestic  animals  and  to  man. 
The  microorganism  ciiusiiig  the  diseasi-,  though  seen  and  described  by 
several  earlier  authors,  was  first  obtainc<l  in  pure  culture  and  accurattJy 
studifd  by  Locfflcr  and  Schiitz  '  in  ISS'i. 

Morphology  and  Staining. — The  glanders  bacilhis  or  B.  mallei  is  a 
rather  small  rod  with  rounded  ends.'  Its  length  varies  from  3  to  4 
micra,  its  breadth  from  0.5  to  0.75  micron.  Variation  in  size  be- 
tween separate  individuals  in  the  same  culture  is  characteristic.  The 
rods  are  usually  straight ,  but  may  show  a  sUght  curvature.  The  bacillus 
is  non-motile.  There  are  no  flagella  and  no  spores  are  formed.  The 
grouping  of  the  bacilU  in  smears  shows  nothing  very  characteristic. 
Usually  they  appear  as  single  bacilli  lying  irregularly  parallel,  often  in 
chains  of  two  or  more.  In  old  cidtures,  involution  forms  appear  which 
are  short,  vacuolated,  and  almost  coccoid. 

While  the  glanders  bacillus  stains  rather  easily  with  the  usual  anilin 
tJyes,  it  is  so  easily  decolorized  that  especial  care  in  preparing  specimens 
must  be  observed.  Stained  in  the  usual  manner  with  methylene-blue, 
it  shows  marked  irregularity  in  its  .staining  qualities;  granular,  deeply 
staining  areas  alternating  with  very  faintly  stained  or  ejitirely  unstained 
jKirtions.  This  diagnostically  helpful  characteristic  has  been  variously 
interpreted  as  a  marlc  of  flegencrat  ionor  a  preparatorj' stage  for  sporula- 
tion.  It  is  probably  neither  of  the  two,  but  an  inherent  irregularity  in 
the  normal  protoplasmic  composition  of  the  bacillus,  not  unUke  that 
cf  B.  diphtherise.  The  bacillus  is  decolorized  by  Gram's  method  of 
staining. 

OnltiTation. — ^The  glanders  bacillus  is  easily  grown  on  all  of  the 


'Lo^ffler  und  Schiiiz.  Dent.  nied.  Woch.,  1882. 
*Loeffler,  Arb.  a.  d.  kaU.  (•esundbeitfiaint,  1886. 
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usual  meat-infusion  media.  It  is  practically  indifferent  to  moderate 
variations  in  reaction,  growing  equally  well  upon  neutral,  slightly  acid, 
or  slightly  alkaline  culture  media.  f;iyc(!rin  or  amaU  qurtiititie.s  of 
glucose  added  to  media  seem  t«  reiiiler  them  more  favorable  for  the 
cultivation  of  this  bacillus. 

Upon  aijfir  the  colonics  show  little  that  is  characteristic.  They 
appear  after  twonty-four  houns  at  SI .5°  C.  as  yellowish-white  spots, 
at  first  transparent,  later  more  opaque.     They  are  round,  with  an  even 
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Fio.  110. — Glanders  Bacillus.    From  potato  culture.    (After  Zettnow.) 


border,  and  microscopicsdiy  iippoar  finely  granular.  The  older  the  cul- 
tures are,  the  more  yellow  do  they  appear. 

On  gelatin  at  room  tem|»rature,  growth  is  slow,  grayish-white,  and 
no  lifpiefaction  of  the  gelatin  occurs,  (irowth  upon  this  medium  is 
never  abumlant. 

In  broth,  there  is,  at  first,  diffuse  clouding,  later  a  heavy,  tough, 
slimy  -sediment  is  formed.  At  the  same  time  ihe  surface  is  covered  with 
a  similarly  slimy  pellicle.  The  broth  gradually  assume.s  a  dark  brown 
color. 

In  viilk.  coagulation  takes  place  slowly.  In  litmus  milk,  acidifica- 
tion is  indicated. 

The  growth  ujiou  jwtato  presents  certain  features  which  are  diagnos- 
tically  valuable.  On  potatoes  which  are  not  too  acid  growth  is  abumlant 
and  within  forty-eight  hours  covers  the  surface  as  a  yellowish,  trans- 
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pait'Ht,  Dlimy  layer.  This  gradually  grows  darker  until  it  han  assumed 
a  deep  reddish-brown  hue.  In  using  this  feature  of  the  growth  diagnos- 
tieally,  it  mu.st  not  be  forgotten  that  a  very  similar  appearance  upon 
potato  occurs  in  the  ca«e  of  B.  pyocyaneus. 

Biological  Considerations. — Bacillus  mallei  is  aerobic'  Growth  under 
anaerobic  conditions  may  take  place,  but  it  is  slow  and  impoverished. 
The  most  favorable  tejnperature  for  its  cultivation  is  37.5°  C.  It 
fails  to  develop  at  temperatures  below  22°  C.  or  above  43°  C.  On 
artificial  niediii,  if  kept  cool  and  in  the  dark,  and  in  sealed  tubes,  the 
glandeix  bacillus  will  retain  its  viability  for  months  and  years.  Ou 
gelatin  and  in  twuillon,  it  lives  for  a  longer  time  than  on  the  other  mcniia. 
Exposed  to  strong  sunlight  it  is  killed  within  twenty-four  hours.  Heat- 
ing to  60°  C.  kills  it  in  two  hours,  to  75°  C.  within  one  hour.  Thorough 
drj'ing  kills  the  glanders  bacillus  in  a  short  time.  In  water,  under  the 
protected  conditions  that  are  apt  to  prevail  in  watering-troughs,  the 
bacillus  may  remain  alive  for  over  seventy  days.  The  resistance  to 
chemical  disinfectants  is  not  very  high.'  Carbolic  acid,  one  per  cent, 
kills  it  in  thirty  minutes,  bichlorid  of  mercury,  0.1  per  cent,  in  fifteen 
minutes. 

Pathogenicity. — Spontaneous  infection  with  the  glanders  bacillus 
occurs  most  frequently  in  horses.  It  occurs  also  in  asses,  in  cats,  and, 
more  rarely,  in  dogs.  In  man  the  disease  is  not  infrequent  and  is 
usually  contracted  by  those  in  habitual  contact  with  horses.  Experi- 
mental inoculation  is  successful  in  guinea-pigs  and  rabbits.  Cattle, 
hogs,  rats,  and  birds  are  immune  to  experimental  and  spontaneous 
infections  alike. 

Spontaneous  infection  takes  place  by  entrance  through  the  broken 
skin,  through  the  mucosa  of  the  mouth  or  nasal  passages.  Infection  in 
horses  not  infrequently  takes  place  through  the  digestive  tract.'  In  all 
cases,  so  far  as  we  know,  previous  injury  to  either  the  skin  or  to  the 
mucosa  is  necessary  for  penetration  of  the  bacilli  and  the  development 
of  the  disease. 

Glanders  in  horses  may  occur  in  an  acute  or  chronic  form,  depending 
upon  the  relative  virulence  of  the  infecting  culture  and  the  susceptibility 
of  the  subject.  The  more  acute  form  of  the  disease  is  usually  limiu*<i 
to  the  nasal  mucosa  and  upper  respiratory  tract.  The  more  chronic 
type  of  the  disease  is  often  accompanied  by  multiple  swellings  of  the 
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'  hotffltT,  loc.  cit.  '  Finger,  Ziegler's  Beitr.,  vi.  1889. 

'  Noeard,  BuU.  de  la  soc.  centr.  de  m6A.  \H.,  1894. 
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skin  and  general  lymphatic  enlargement.    This  fonii  i;3  often  spoken  of 
as  "  farcy." 

Acute  glanders  in  the  horse  begins  violently  with  fever  and  prostra- 
tion. After  two  or  three  days  there  is  a  nasal  discharge,  at  first  serous, 
later  seropurulent.  At  the  same  time  there  is  idceration  of  the  nasal 
mucosa  and  acute  swelling  of  the  neighboring  l^Tnph  nodes.  These 
ma>'  break  down  and  form  deep  pus-discharging  sinuses  and  ulcers. 


Fig.  111.— GLANDERfl  Bacilli  in  Tissue.      (Prom  a  dran'uig  rurnifihed  by 

Dr.  James  Ewing.) 


I  Finally,  there  is  involvement  of  the  lungs  and  death  within  four  to  six 

\  weeks. 

AMien  the  disease  takes  the  chronic  form  the  onset  is  more  gradual. 
Concomitant  with  the  nasal  inflammation  there  is  a  formation  of  subcu- 
taneous swflling.s  all  over  the  body,  some  of  which  show  a  tendency  to 
break  down  and  ulcerate.  Together  with  this  the  lymphatics  all  over 
the  body  become  enlarged.  The  disease  may  la.st  for  several  years,  and 
occasionally  may  end  in  complete  cure.     In  horses  the  chronic  form  of 
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the  disease  is  by  far  the  more  frequent.  In  man  the  (ILseose  Ls  similar 
to  that  of  the  lior.se  exr-ept  that  the  point  of  oriji^iri  is  move  frequently 
in  some  part  of  the  skin  rather  than  in  the  na^al  murosa,  and  the 
elinieal  symptoms  differ  accortlingly.  The  onset  is  usually  violent. 
with  fever  loul  systeniie  symi>lonis.  At  the  point  (jf  infection  a  no<lule 
appears,  surraunded  by  ]ymphanjj;itis  and  swelling.  A  general  papular 
enr[ition  uiiiy  oeriir.  Tlie  papules  may  Ix'e(jnie  pustuhir.  and  I  lie 
clinical  features  may  thus  simulate  variola.  This  type  of  the  diseaHc 
usually  ends  fatally  in  eight  to  ten  days.  The  chronic  f(inu  of  the 
disease  in  man  is  much  like  that  in  the  horse,  but  is  more  frequently 
fatal. 

The  histological  appearance  of  the  glanders  nodules  is  usually  one-  of 
diffuse  Icupocytic  infiltration  and  the  formation  of  young  connective 
tissue  which  ])rep(jni lerat.es  mure  and  more  as  the  disease  becomes 
chronic.  Virchow  has  cla.ssed  these  lesions  with  the  granulomata. 
From  the  renter  of  such  nodules  B.  mallei  may  often  be  ol)tained  in  pure 
culture.  The  nodules  may  be  geui^rally  ilistributed  throughout  the 
internal  organs.  The  bacilli  themselves  are  found,  apart  from  th(? 
nodules,  in  the  nttsal  secretions,  and  occasionally  in  the  circulating 
blood.' 

The  bacteriological  dingtwsis  of  glanders  may  be  made  by  isolatinjj 
anil  identifying  the  bacilli  from  any  of  the  above-mentioned  .soureci*. 
When  superficial  nodules  can  be  opened  for  the  purpo.se  of  diagnosis  thi.* 
may  prove  an  easy  task.  The  most  diagnostieally  helpful  medium  in 
such  ciuses  is  potato.  In  a  majority  of  cfuses,  however,  i.solation  is  ex- 
tremely diffiddt  and  n'S()rt  must  be  had  to  animal  inoculation.  The 
most  suitable  animal  for  this  purpose  is  the  mah;  guinea-pig.  Intra- 
peritoneal inoculation  of  such  animals  with  material  containing  glauilers 
bacilli  lea<ls  within  two  or  thri-e  days  to  tumefa<-tion  and  purulent 
inflammation  of  the  testicles.  Such  an  exp<>riment,  spoken  of  as  the 
"Straass  test,"'  should  always  be  reinforceil  by  cultural  examination 
of  the  testicular  pus,  the  spleen,  and  the  peritoneal  exudati;  of  the 
animals  employed. 

Toxin  of  Bacillos  mallei, — The  toxin  of  B.  mallei,  or  mullein,  belongs 
to  the  cla.ss  of  endotoxins.  The  toxic  products  have  been  invariably 
obtained  by  extraction  of  dead  bacilli.'  Mallein  differs  from  many 
other  bacterial  poisons  in  being  extremely  resistant.     It  withstanris 


>  WoMnlieff,  Deut.  med.  Woch.,  1883. 

'Sfraww,  Arch,  lie  mW.  exp.,  1889. 

«  Kretling,  Arch.  d.  ad.  biol.,  1892;   Preuter,  B<>ri.  thierftnst.  Woch.,  18M. 
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temperatures  of  120°  C.  and  prolonged  storage  without  noticeable  loas  of 
strength.* 

In  its  physiological  action  upon  healthy  animals,  mallein  is  not  a 
powerful  poison.  It  can  be  given  in  considerable  doses  without  causing 
death.  Mullein  may  be  obtained  by  a  variety  of  mothotis.  Helnian 
and  Kalning,  the  discoverers  of  thi.s  toxin,  used  filtered  aqueous  and 
glycerin  e.\tract.s  of  potato  cultur&s.  Roux  '  cultivates  virulent  gland- 
era  bacilli  in  flasks  containing  250  c.c.  each  of  o  per  cent  glycerin 
bouillon.  Growth  is  allowed  to  continue  at  35°  C.  for  one  month.  At 
the  end  of  this  time,  the  cultures  are  sterilized  at  100°  for  thirty  min- 
utes, and  evaporated  on  a  water  l>ath  to  one-tenth  their  original  volume. 
They  are  then  filtered  through  paper.  This  concentrated  poison  is 
diluted  ten  times  with  0.5  per  cent  carbolic  acid  before  use.  Concen- 
tration is  done  merely  for  purposes  of  conservation.  The  diagnostic 
dose  of  such  mallein  for  a  horse  is  0.25  c.c.  of  the  undiluted  fluid. 

At  the  Washington  Bureau  of  Animal  Industry,  mallein  is  jirepared 
by  growing  the  bacilli  for  five  months  at  37.5°  C.  in  glycerin-bouillon. 
This  is  then  boiled  for  one  hour  and  allowed  to  stand  in  a  cool  place 
for  one  week.  The  supernatant  fluid  is  then  decanted  and  filtered 
through  clay  filters  by  means  of  a  vacuum  pump.  The  filtrate  is 
evaporated  to  one-third  its  original  volume  on  a  water  bath,  and  the 
evaporated  volume  resupplied  by  a  1  per  cent  carbolic  acid  solution 
containing  about  10  jser  cent  of  glycerin. 

Diagnostic  Use  of  Mallein. — The  injection  of  a  proper  dos<^  of 
mallein  into  a  horse  suffering  from  ghuidei-s  is  followed  within  six  to 
eight  hours  by  a  sharp  rise  of  temperature,  often  reaching  10t°  to  10tj°  F. 
(40°  C.  -I-).  The  high  temperature  continues  for  several  hours  and  then 
begins  gradually  to  fall.  The  normal  is  not  usually  regained  for  several 
days.  Locally,  at  the  point  of  injection,  there  appears  within  a  few 
hours  a  firm,  hot,  difTuae  swfUing,  which  gradually  extends  miti!  it  ijiay 
cover  areas  of  20  to  30  centimeters  in  iliameter.  The  swelling  is  in- 
tensely tender  during  the  first  twenty-four  houi-s,  and  lasts  for  thn:'e  to 
nine  days.  Together  with  this  there  are  marked  sjTnptonis  of  general 
intoxication.  In  normal  animals  the  rise  of  temperatiu-e  following  an 
injection  is  triflitig,  and  the  local  reaction  is  much  smaller  and  more 
transient.  Injections  are  beat  made  into  the  breast  or  the  side  of  the 
neck. 


<  Wlatlimiroff,  in  Kraus  und  Levaditi,  "  Handbuch,"  etc.,  1908. 
>  Roux  et  Nocard,  Bull.  d.  I.  soc.  centr.  v6t.,  1892. 
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The  cliroctions  given  by  the  United  States  Government  ior  uaing 
nmUein  for  the  diagnosis  of  glanders  in  horses  arc  aa  follows: 

'■  Make  the  test,  if  possible,  with  a  healthy  horse,  as  well  as  with 
one  or  more  alTected  or  supposed  to  be  affected  with  glanders.  Take 
the  temperature  of  all  these  iiiiiinals  at  least  three  times  a  day  for  one 
or  more  days  before  making  the  injections. 

"The  injection  is  most  conveniently  made  at  6  or  7  o'clock  in  the 
morning,  and  the  ma.vimum  temperature  will  then  usually  be  reached 
by  or  before  10  k.m.  of  the  same  day. 

"Use  for  each  horse  one  cubic  centimeter  of  the  mallein  solution  aa 
sent  out,  and  make  the  injection  beneath  the  skin  of  the  middle  of  one 
side  of  the  neck,  where  the  local  swelling  can  be  readily  detected. 

"Carefully  sterilize  the  syringe  after  injecting  each  horse  by  flaming 
tlie  needle  over  an  alcohol  lamp  or,  better,  use  separate  syringes  for 
healthy  and  suspected  animals.  If  the  same  syringe  is  used,  inject  the 
healthy  animals  first,  and  flame  the  needle  of  the  sjiinge  after  each 
injection. 

"Take  the  temperature  everj'  two  hours  for  at  least  eighteen  hours 
after  the  injection.  Sterilize  the  thermometer  in  a  5  per  cent  solu- 
tion of  carbolic  arid,  or  a  0.2  per  cent  solution  of  corrosive  sublimate, 
after  taking  the  temperature  of  each  animal. 

"The  temperature,  a.s  a  nile,  will  begin  to  rise  from  four  to  eight  hours 
after  the  injection,  and  reach  its  maximum  from  ten  to  si.xteen  houra 
after  injection.  On  the  day  succeeding  the  injection  take  the  tempera- 
ture at  leaat  three  times. 

"  In  addition  to  the  febrile  reaction,  note  the  size,  appearance,  and 
duration  of  any  local  swelling  at  the  point  of  injection.  Note  the  general 
condition  and  symptoms  of  the  animal,  both  before,  during,  and  after 
the  test. 

"Keep  the  solution  in  the  scaled  bottle  and  in  a  cool  place,  and  do 
not  use  it  when  it  is  clouded  or  if  it  is  more  than  six  weeks  old  •  when  it 
leaves  the  laborator)-  of  the  Bureau  it  is  sterile." 

If  the  result  of  first  injection  is  doubtful,  the  horse  should  be 
isolated  and  retested  in  from  one  to  three  months,  when  the  slight 
immunity  conferred  by  the  first  injection  will  have  disappeared. 
The  second  injection  into  healthy  horses  usually  shows  no  reaction 
whatever. 

Mallein  may  cause  reactions  in  the  presence  of  other  diseases  than 
glanders,  such  as  bronchitis,  periostitis,  and  other  inflammatory  lesions 
and  is  not  so  specifically  valuable  as  tuberculin  for  diagnosis. 
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Ck>mpleme]it  Fixation  in  Glanders. — Diagnostic  complement  fixation 
for  the  diagnosis  of  glanderrf  has  been  developed  by  McNeil  and  01m- 
stead  at  the  New  York  Department  of  Health.  The  antigen  is  made 
by  growing  the  glanders  bacilli  on  a  1.6  per  cent  glycerin  potato  agar. 
From  this  stock  cultures  transplanted  are  made  upon  a  neutral  meat- 
free-veal  peptone  agar.  Twenty-four-hour  growths  are  washed  off  with 
distilled  water  sterilized  at  80"  C.  for  four  hours  and  filtered  through 
a  Berkefeld.  After  filtration  the  antigen  must  again  be  sterilized  at 
80°  for  one  hour. 

Immonity. — Recovery  from  a  glanders  infection  does  not  confer 
immunity  against  a  second  inoculation.*  Artificial  active  immuniza- 
tion has  been  variously  attempted  by  treatment  with  attenuated  cul- 
tures, with  dead  bacilli,  and  with  mallein,  but  without  convincing 
results. 

The  serum  of  subjects  suffering  from  glanders  contains  specific 
agglutinins.*  These  are  of  great  importance  diagnostically  if  the  tests 
are  made  with  dilutions  of,  at  least,  1  in  500,  since  normal  horse  serum 
may  agglutinate  B.  mallei  in  dilutions  lower  than  this. 

>  Finger,  Ziegler's  BatrSge,  vi,  1899.       *  Galtier,  Jour,  de  m6d.  v^t.,  190L 
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There  Is  no  other  epidemic  disease  which  spreads  over  such  enormous 
territories,  and  with  such  speed,  as  influenza.  Epidemics  have  been 
numerous  and  reports  of  the  tliscase,  uiuiuestionably  recognizable,  are 
extant  even  from  the  most  remote  times.  The  last  serious  epidemic 
occurred  iA  the  years  1889  to  1890,  when  the  disease,  spreading  from 
the  Eiust,  traveled  through  Ruasia  and,  pandemicalh',  attacked  all  of 
Europe,  then  reacheil  America,  and  eventually,  having  traveled  east- 
ward as  well  as  westward  from  its  point  of  origin,  became  prevalent 
in  China,  .Tiii)iui,  Au.stralia,  and  Africa.  Hundreds  of  thovi.sands  were 
attacked  and  the  mortality  of  this  epidemic  was  high.  Its  enormous 
scope  and  the  ra])idity  of  its  .spread  were  facihtatcd  probably  by  the 
activitN'  fjf  modern  international  commerce. 

Tlie  character  of  the  di.scase  pointed  so  definitely  to  a  bacterial 
etiolog>'  that  numerous  attempts  to  isolate  a  specific  microorganism 
were,  of  course,  made.  Pfeiffer '  finally,  in  1S92,  described  the  bacillus 
which  is  at  present  definitely  recognized  as  the  etiological  factor  of 
influenza. 

Morphology  and  Staining. — The  bacillus  of  influenza  (Pfeiffer  bacillus) 
is  an  extremely  small  organism,  about  (J..j  micron  long  by  0.2  to  0.3 
micron  in  wiilth.  They  are  somewhat  irregular  in  length,  but  show 
roundeii  ends.  They  rarely  form  chains.  They  are  non-motile,  and 
do  not  form  s|M>res. 

Influenza  bacilli  stain  less  easily  than  do  moat  other  bacteria  with 
the  usual  anilin  dyes,  and  are  best  demonstrated  with  10  per  cent 
aqueous  fuchsiii  (5  to  10  minutes),  or  with  Loeffler's  methylene-bluc 
(5  minutes).  They  are  (jram-negative,  giving  up  the  anilin-gentian- 
violet  stain  upon  decolori/.ation.  Occasionally  .slight  polar  staining 
may  be  noticed.  Grouping,  especially  in  thin  smears  of  bronchial 
secretion,  is  characteristic,  in  that  the  bacilli  very  rarely  form  threads 

>  Pfriffer,  Dout.  med.  Woch.,  ii,  1892;  Zeit.  f.  Hyg.,  xiii,  1883;  Pfeiffar  und  B«ck, 
Deut.  med.  Woch.,  xxi,  1893. 
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Fio.  112. — Baciuuis  infloenz-E.    .Sriipftr  from  pure  culture  <m  Wood  agar. 


and  gelatin,  however,  soon  taught  him  that  the  success  of  his  first  culti- 
vations depended  upon  the  ingredientH  of  the  pus  earried  over  from  the 
sputum.  Further  experimentiUion  then  showed  thut  it  wa.s  the  blood, 
and  more  particularly  the  hemoglobui,  in  the  pus  which  had  made  growth 
possible  in  the  first  cultures.     PfeifTer  made  his  further  cultivations 

'  Pfeiffer,  loc.  cit. 
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upon  agar,  the  surface  of  which  had  been  sriiearcci  with  a  few  drops  of 
blood  taken  sterile  from  the  finger.  Hemoglobin  separated  from  the 
red  blood  cells  was  found  to  be  quite  as  efficient  as  whole  blood.  This 
method  of  PfeifTer  is  still  the  one  most  fi-equently  emplo.verl  for  isolation 
and  cultivation.  Whole  blood  taken  from  the  finger  may  be  either 
smeared  over  the  surface  of  slants  or  plates,  or  mixed  with  the  melted 
meat-infusion  agar.  In  isolating  from  sputum,  only  that  secretion  should 
be  used  which  is  cougticil  up  from  the  bronchi  and  is  uncontiiminatcd 
by  microorganisms  from  the  mouth.  It  may  be  washed  in  sterile  water 
or  bouillon  before  trHnsplantation,  to  n.'move  the  mouth  flora  adhe- 


Pio.  113. — Baciixus  iNru'ENZ.E.      Smear  from  aputum.    (After  Heim.) 


rent  to  the  outer  surface  of  the  little  clumps  of  pus.  The  bloofl  of 
pigeons  or  that  of  rabbits  may  be  substituted  for  human  blood.  The 
former  seems  to  be  the  more  favorable  of  the  two  and  even  more  so  than 
human  blood.  Pigeons  may  be  easily  bled  for  this  purpo.se  from  the 
large  veins  under  the  wing.  Huber '  has  succeeded  in  cultivating  in- 
fluenza bacilli  upon  media  containing  a  soluble  hemoglobin  derivative 
known  as  hematogen.  This  substance,  however,  offers  some  difficulties 
to  sterilization  and  is  not  so  favorable  as  whole  blood.  The  absence 
of  oxyhemoglobin  from  the  hematogen,  however,  is  theoretically  im- 
portant in  that  it  .shows  that  hemoglobin  is  suitable  for  the  growth 

« Huber.  Zeit.  f.  Hyg.,  xv,  1893. 
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rof  this  bacillus  because  of  its  nutrient  (nialities  and  not  by  virtue 
lof  its  oxygen-carrj'ing  proptrties.  Although  the  presence  of  hemo- 
tglobin  seems  to  be  a  necessity  for  the  successful  cultivation  of  the 
I  bacillus,  the  quantity  present  need  not  be  verj*  large.     Ghon  and  Preyss  • 

showed  that  an  amount  too  small  to  be  demonstrated  spectroscopically 
I  BuflSced  for  its  growth. 

Other  substances  which,  sidded  to  neutral  or  slightly  alkaline  agar, 
thave  been  used  for  the  cullivation  of  influenza  bacilli  are  the  yolk  of 
[eggs'  (not  confinned)  and  spermatic  fluid."     None  of  these,  however, 

is  as  useful  as  the  blood  media.     Symbiosis  with  staphylococci,'  too, 


Fio.  114. — Cou>Nir8  or  Influknza  Baciulus  on  Blood  Aqab.    (After  Heim.) 


has  been  found  to  create  an  onvironincnt  favorable  for  their  develop- 
ment. 

Influenza  bacilli  do  not  grow  at  room  temperature.  Upon  suitable 
media  at  37.5°  C.  colonies  appear  at  the  end  of  eighteen  to  twenty-four 
hours,  as  minute,  colorless,  transparent  droplets,  not  unlike  spots  of 
moisture.  These  never  become  conHuent.  The  limits  of  growth  are 
reached  in  two  or  three  days.     To  keep  the  cultures  alive,  tubes  should 

'  Ghon  und  Prei/ia.  C«nt.  f.  Bakt.,  xxxv,  1904. 
»  Nagtjuhnf,  Cent.  f.  Bakt.,  Ref.,  xix,  1896. 
Tanlani,  Cent.  f.  Bakt.,  xxii,  1897. 
•  Grasirifergcr,  Zcit.  f.  Hyg.,  xxv,  1897. 
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be  storprl  at  room  tomperaturc  and  transplantations  done  at  intervals 
not  Iniifrcr  than  four  or  five  days. 

Biology. — The  hacilkis  is  aerobic,  growing  in  broth-blood  mixtures 
only  upon  the  surface,  hardly  at  all  in  agar  stab  cultures,  and  not  at  all 
under  completely  anaerobic  conditions. 

As  it  does  not  form  spoies,  it  is  exceedingly  sensitive  to  heat, desicca- 
tion, and  disinfectants.'  Heating  to  (jO°  C.  kills  the  bacilli  in  a  few  min- 
utes. In  drieil  sputvim  they  die  within  one  or  two  hours.  They  arc 
easily  killed  even  by  the  weaker  anti.septics.  Upon  culture  media  the 
bacilli,  if  not  transplanted,  die  within  a  week  or  less,  the  time  depend- 
ing to  some  extent  upon  the  modium  used. 

Pathogenicity. — The  relationship  between  the  clinical  disease  known 
as  influenza  or  grippe  and  the  PfcilTer  Ijacillua  has  iieen  defimtely  estab- 
lisheri  by  numerous  investigators.'  During  epidemics,  the  bacilli  are 
found  with  much  regularity  in  the  nasal  passages  and  broiicliial  secre- 
tions of  those  afflicted  with  the  malady.  The  organs  most  frequently 
attacked  in  man  are  the  upper  respiratori'  passages  and  lungs.  Here 
the  disease  most  frMpiently  takes  the  form  of  a  broncho-  or  lobular 
pneumonia,  and  sections  of  the  lung  tissue  of  those  who  have  died  of  the 
infection  show  innumerable  bacilli  upon  and  within  the  mucosa  of  the 
bronchioles.  [Thin  sections  are  stained  for  one-half  to  one  hour  in 
dilute  carbol  fuchsin  and  are  then  dehydrated  in  slightly  acid  alcohol 
(alcohol  absolute  3  i,  glacial  acetic  acid  gtt.  i-ij).] 

Clinically,  influenzal  broncho-pueumonias  are  not  essentially  dif- 
ferent from  those  due  to  other  microorganisms,  and  it  must  always 
be  left  to  the  bacteriological  examination  to  make  the  f)ositivc 
diagriosis.  Pulmonary  influenzal  infection  is  not  infrequently  followed 
by  abscess  or  gangrene  of  the  lung,  and  occasionally  develops  into  a 
chronic  interstitial  pnM-ess.  The  bacilli  have  also  been  found  in  the 
middle  ear,'  in  the  meninges,*  and  in  the  l)rain  and  .spinal  ettrd.  Hacilli 
in  the  circulating  bloo<l  have  never  lieen  satisfactorily  demonstrated, 
although  the  general  characters  of  the  symptoms  would  suggest  a  septi- 
cemia. The  short  incubation  period '  of  the  disease  was  involuntarily 
determined  by  Kretz,  who  fell  ill  twenty-four  hours  after  accidentally 
breaking  an  agar  plate  of  a  pure  culture  which  he  was  photographing. 

The  bacilli  are  .said  to  remain  in  the  bronchial  secretions  of  conval- 

^  Knite,  in  Flange,  "Die  Mikroorg.,"  Leipsig,  1806. 

'  Weiehaelbaum,  Wicn.  klin.  Woch.,  32,  1892;  Baxtmler,  MOnch.  med.  Woch.. 
1894;  Huber,  loc.  cit. 

» KossfU,  ChariU-AnnHlcii,  1S93.  *  PfiM,  Bed.  klin.  Woch.,  xxxix,  1892. 

»  Quoted  from  Tedeaco,  Cent,  f .  Bakt.,  xliii,  1907. 
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escents  or  even  of  normal  individuals  for  many  years.  They  are  found 
for  long  periods  in  the  lungs  of  those  sufTering  from  tuberculosis.  To 
such  sourcts,  probably,  are  attributable  the  sporadic  cases  developing 
constantly  in  crowded  communities.  Occasional  reactivation  of  the 
influenssai  infection  may  often  aggravate  the  condition  of  phthisical 
patients.  Cases  of  influenza  ohservetl  apart  from  the  large  epidemics 
are  rarely  due  to  an  unmixed  PfeifTer  l)aciilus  infection,  but  are  usually 
due  to  a  mixed  infection,  including  with  this  bacillus,  pneumococci, 
streptococci,  and  other  secondary  invaders.'  This  may,  in  part,  account 
for  the  frequently  atypical  courses  of  such  attacks. 

Dr.  Anna  Williams  *  has  recently  studied  hemoglobinophiiic  bacilli 
isolated  from  the  eye  in  cases  of  trachoma.  She  believes  that  trachoma 
is  probably  caused  by  bacteria  of  this  group.  At  first  an  acute  infection 
or  acute  conjunctivitis  occurs.  Later  when  chronic  productive  inflam- 
mation supervenes  the  clinical  picture  is  that  of  trachoma. 

Experimental  infection  of  animals  reveals  susceptibility  only  in 
monkeys.  F*feiffer  and  Beck'  produced  influenza-like  symptoms  in  mon- 
keys by  rubbing  a  pure  culture  of  the  bacillus  ujxm  the  unbroken  nasal 
mucosa.  Intravenous  inoculation  in  rabbits  produced  severe  symptoms, 
but  the  bacilli  do  not  seem  to  proliferate  in  these  animals,  the  reaction 
probably  being  purely  toxic.  Cultures  killeil  with  chloroform  may  pro- 
duce severe  transient  toxic  sjonptoms  in  rabbits.^  Imnmnity  produced 
by  an  attack  of  influenza,  if  present  at  all,  is  of  very  short  duration. 

Bacteria  Closely  Related  to  Influenza  Bacillus. — Pseudo-influenza 
Bacillus. — In  the  broncho-pneumonic  processes  of  children,  Pfeiffer  "• 
found  small,  non-motile,  Cram-negntive  bacilli,  which  he  was  forced  to 
separate  from  true  influenza  bacilli  because  of  their  slightly  greater  size, 
and  their  tendency  to  form  threads  and  involution  forms.  These  micro- 
organi.sms  are  strictly  aerobic  and  grow,  like  true  influenza  bacilli,  only 
ujx)!!  blood  media.  They  are  diiTerentiated  entirely  by  their  morphology 
upon  twenty-four-hour-old  blood-agar  cultures.  WoUstein,"  who  has 
made  a  careful  study  of  influMiza-like  bacilli,  both  culturally  and  by 
agglutimition  tests,  ha-s  come  to  the  conclusion  that  these  bacilli  are  so 
similar  to  the  true  influenza  organisms  that  the  term  pseudo-influenza 
ould  be  discarded.    Strains  of  similar  bacilli  isolated  from  cases  of 


'  Tedeteo,  loc.  cit. 

'  Dr.  Anna  WiUiatius,  Inter.  Congress  of  Hygiene  and  DcnioRraphy,  Washington, 
1912.  •  Pfnffer  und  Beck.  Deul.  nied.  Woch.,  xxi,  1893. 

•  Pfeiffer,  loc.  cit.  »  Pfeiffer,  Zcit.  f.  Hyg.,  xiii,  1892. 

•  WolUU-in,  Jour.  Exp.  Med.,  viii,  1906. 
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pertussis,  while  differing  from  the  otiiers  in  some  of  their  cliaracte 
istics,  could  uot  properly  be  luaiutaiiied  as  distinct  species. 

Koch-Wee3ks  Baciixus. — Koch,'  in  1883,  Weeks "  and  Kartulis,  in 
1887,  described  a  small  Gram-iiegative  bacillus  found  in  connection 
with  a  form  of  acute  conjunctivitis  wiiich  occurs  epidemically.  The 
bacillus  is  morpliologically  similar  to  B.  influenzae,  but  is  generally 
longer  than  this  and  more  slender.  The  bacilli  grow  only  at  incuba- 
tor temperature.  Hecent  studies  by  Anna  Williams  at  the  New  York 
Department  of  Health  seem  to  indicate  that  tlie  Koch- Weeks  bacillus 
may  be  merely  a  variety  of  the  true  influenza  bacillus. 

BacolLUS  of  Pleubu-Pmbumomia  of  Kabbits. — This  is  a  small 


Fig.  115. — Koch-Wbeks  Bacilli's. 


Gram-negative  bacillus,  described  by  Bock,  not  unlike  that  of  influenza. 
These  microorganisms  are  .slightly  larger  than  the  Pfeiffer  bacilli  and 
grow  upon  ordinary'  mcvlia  even  without  animal  sera  or  hemoglobin. 
^  Bacii-ias  MUKisEPTicis  A.ND  Bacillis  RHi  siop.\THiiE. — While  mor- 
phologically similar  to  the  microorganisms  of  this  group,  these  bacilli 
are  culturally  easily  separated  becau.sc  of  their  luxuriant  growth  on 
simple  me<lia.  (The  last  two  micrix)rgani.sms  are  more  closi^ly  relateil 
to  the  groups  of  the  bacilli  of  hemorrhagic  septicemia.     Sec  page  561.) 

>  Kadi,  Art),  a.  d.  kaig.  OefiundlieitMimt,  iii;  Cent  f.  Bakt.,  1 ,  1887. 
«  Weeit,  N.  Y.  Eye  and  Eur  Iiifimmry  Rep..  IHO.'i;  Arch.  f.  Aup-nheilk..  IRS7. 
»  Kamen,  Cent.  f.  Bakt.,  xxv,  ]H'M,  W'rirluielliniun  and  Xfiillnr,  Arcli.  f.  Ophthlklm., 
xlvii.  1899;   Knapp,  Studies  from  Dept.  of  Pmli..  Coll.  of  P.  and  S.,  1903, 
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90EDET-GENG0U     BACILLUS,     MORAX-AXENFELD     BACILLUS,    ZUR 
NEDDEN'S  BACILLUS,  DUCREY  BACILLUS 

BORDET-GENGOU  BACILLUS 

[  ("  Microbe  de  la  Coqiieluche, "  Pertussis  bacillus,  Bacilltis  of  whooping- 
cough.) 

In  1900  Bortlet  and  Gengou '  observed  in  the  sputum  of  a  child 
suffering  from  pertussis  a  small  ovoid  bacillus  which,  though  similar  to 
the  influenza  batiillus,  showed  a  number  of  moiphologieul  characteristics 
[  which  let!  them  to  regard  it  as  a  tlistinct  species.  As  they  were  at  first 
unable  to  cultivate  this  organism,  their  discovery  remained  ques- 
tionable until  }90(>,  when  cultivation  succeeded  and  the  biologj'  of  the 
microorgiinism  was  more  fully  elucidated. 

Morphology. — The  morphology  of  this  organism  is  described  by 
them  ai!  follows:  The  organism  in  the  sputum,  early  in  the  disease,  is 
scattered  in  enormous  numbers  indiscriminately  among  the  pus  cells, 
and  at  times  within  the  cells.  It  is  extremely  small  and  ovoid,  and 
frequently  is  so  short  that  it  resembles  a  microtoccus.  Often  its  poles 
stain  more  deeply  than  the  center.  In  general,  the  form  of  the  or- 
ganisms is  constant,  though  occasionally  slightly  larger  individuals 
are  encountered.  They  are  usually  grouped  separately,  though  occa- 
sionally in  pairs,  end  to  end. 

Compared  with  the  influenza  bacillus  in  morphologj',  the  bacillus 
of  pertussis  is  more  regularly  ovoid  and  somewhat  larger.  It  has, 
furthermore,  less  tendency  to  pleomorjihism  and  involution. 

Staining. — The  Bordet-*  leiigou  bacillus  may  be  .stained  with  alkaline 
methylene-blue,  dilute  carbol-fuchsin,  or  aqueous  fuchsiu  solutions. 
Bonlet  and  Gengou  recommended  as  a  staining-solution  rarbolated 
toluidin-blue  made  up  as  follows: 

Toluidin-blue : 6  gms. 

Alcohol  100  c.c- 

Watcr 600  o.c. 

'  BonUt  et  Gengou,  Ann.  do  I'inst.  Paatenr,  19()6. 
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Allow  to  dissolve  and  add  600  c.c.  of  5  per  cent  carbolic  acid  in  water, 
stand  one  or  two  days  and  filter. 


Ijpt  thin 


Stained  by  the  method  of  Gram,  the  bacillus  of  Bordet  and  Gengou 
is  decolorized. 

Cultivation. — Early  attempts  at  cultivation  made  by  the  discov- 
erers u|H)n  ordinarj'  ascitic  agar  or  blood  agar  were  unsuccessful.  They 
finally  obtained  successful  cultures  from  sputum  by  the  use  of  the 
following  medium: 

One  hundred  grams  of  sliced  potato  are  put  into  200  c.c.  of  4  per 
cent  glycerin  in  water.  This  is  steamed  in  an  autoclave  and  a  glycerin 
extract  of  potato  ol>tained.  To  50  c.c.  of  tliis  extract  150  c.c.  of  6-per- 
cent salt  solution  and  5  grams  of  agar  are  added.  The  mixture  is  melted 
in  the  autoclave  and  the  fluid  filled  into  test  tubes,  2  to  3  c.c.  each,  and 

sterilized.  To  each  tube,  after  sterilization, 
is  a<lded  an  equal  volume  of  sterile  de- 
fibrinated  rabbit  blood  or  preferably  human 
blood,  the  substances  are  mixed,  and  the 
tube.'?  slanted. 

On  such  a  mixlium,  inoculated  with 
sputum,  taken  preferably  during  the  par- 
oxj'sms  of  the  first  day  of  the  disease, 
colonies  appear,  which  are  barely  visible 
after  twenty-four  hours,'  plainly  vi,«iible 
after  forty-eight  hours.  They  are  small, 
grayish,  and  rather  thick.  After  the  first 
generation  the  organisms  grow  with  mark- 
edly greater  luxuriance  and  speed.  On  the  potato-blood  medium, 
after  several  generations  of  artificial  cultivation,  they  form  a  graj-ish 
glistening  layer  which,  after  a  few  days,  becomes  heavy  and  thick, 
almost  resembling  the  growth  of  typhoid  bacilli.  In  these  later 
generations,  also,  they  develop  readily  upon  plain  blood  agar  or 
jiscitic  agar  and  in  a.scitic  broth  or  broth  to  which  blood  has  been 
added.  In  the  fluid  media  they  form  a  viscid  sediment,  but  no  pellicle. 
Culturally,  the  bacillus  varies  from  B.  influenzae  in  growing  less 
readily  on  hemoglobin  media  than  the  latter,  on  first  cultivation  from  the 
sputum.  Later  it  grows  much  more  heavily  on  such  metlia  and  shows 
less  dejjendence  upon  the  presence  of  hemoglobin  than  does  B.  infiuenzs. 
It  also  grows  rather  more  slowlj'  than  the  influenza  bacillus.      It  is 


Fig.  116. — Boroet-Gengou 
Bacillus. 
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'Strictly  aerobic  and  in  fluid  cultures  is  best  grown  in  wide  flasks  with 
shallow  layers  of  the  medium. 

The  Bordet-Gengou  bacillus  grows  moderately  at  temperatures  about 
37.5°  C,  but  does  not  cease  to  grow  at  temperatures  as  low  as  5°  to  10°  C. 
On  blood  agar  and  in  ascitic  broth  it  may  remain  alive  for  as  long  as  two 
months  (WoUstein). 

Pathogenicity. — As  regards  the  pathogenicity  and  etiological  spe- 
ciflcity  of  this  organism  for  whooping-cough,  no  positive  statement 
can  OS  yet  l)e  made.  The  fact  that  it  has  been  found  in  many  cases  in 
almost  pure  cultures  during  the  early  paroxysms,  renders  it  likely  that 
the  organism  is  the  sjiecific  cause  of  the  disease.  However,  in  early 
cases  true  influenza  bacilli  have  been  often  found,  and  these  latter  seem 
to  remain  in  the  sputum  of  such  patients  for  a  longer  period  and  in 
larger  numbers  than  the  bacillus  of  Bordet  and  Gengou.  Endotoxins 
have  been  obtained  from  the  cultures  of  the  bacilli  by  Bordet  and  Gengou 
by  the  method  of  Besrcflka.'  The  growth  from  slant  cultures  is  washed 
up  in  a  little  salt  solution,  dried  in  vacuo,  and  ground  in  a  mortar  with 
a  small,  measured  quantity  of  salt.  Finally,  enough  distilled  water  is 
added  to  bring  the  salt  into  a  solution  of  0.75  per  cent  ami  the  mixture 
is  centrifugalized  and  decant«l.  One  to  two  c.c.  of  such  an  extract  will 
usually  kill  a  rabbit  within  twenty-four  hours  after  intravenous  inocula- 
tion. Subcutaneous  inoculation  produces  non-suppurating  necrosis  and 
ulceration  without  marked  constitutional  symptoms. 

Inoculation  of  monkeys  with  the  bacilli  themselves  by  the  respira- 
tory path  has  failed  to  produce  the  disease. 

Specific  agglutinins  may  be  obtained  in  immunized  animals  which 
prove  absolutely  the  distinctness  of  this  organism  from  Bacillus  in- 
fluenzie.*  In  the  serum  of  afflicted  children  the  agglutination  is  too 
irregular  to  be  of  value. 

Specific  complement  fixation  with  the  serum  of  patients  is  reported 
by  Bordet  and  Gengou,  but  failed  in  the  hands  of  Wollstein. 


MORAX-AXKNFELD  BACILLUS 

In  1896  Morax  *  described  a  diplo-bacillus,  which  he  associated 
etiologically  with  a  type  of  chronic  cbnjunctivitis  to  which  he  applied 
the  name  " conjonctivile  subaiffue."  Soon  after  this,  a  similar  micro- 
organism was  found  in  cases  corresponding  to  those  of  Morax  by  Axen- 

>  Bordet,  Bull,  de  la  8oc.  Roy.  de  Brux.,  1907. 
»  WoUatein,  loc.  cit.  '  Morax,  Ann.  de  I'inst.  Paateur,  1896. 
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feld.'  The  condition  which  these  microorganisms  characteristically 
pro<lucp  is  ii  catiirrhul  conjunctivitis  which  usually  attacks  both  f-ycs. 
The  inflammation  is  especially  noticeable  in  the  angles  of  the  eye,  most 
severe  at  or  about  the  caruncle.  There  is  rarely  much  sAvellinR  of  fh«' 
r-onjunctiva  and  hardly  ever  ulceration.  The  condition  runs  a  subacute 
or  chronic  course.  Its  diagnosis  is  easily  made  by  smear  preimrations 
uf  the  pus  which  is  formed  with  e.special  abundance  during  the  niglit. 

Morphology, — In  smear  preparations  from  the  pus,  the  microorgan- 
isms appear  as  short,  thick  bacilli,  u.sually  in  the  form  of  two  place<l 
end  to  end,  but  not  infrequently  singly  or  in  short  chains.    Their  ends 
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are  distinctly  roundetl,  their  centers  slightly  Imlging,  giving  the  bacillus 
an  ovoid  form.    They  arc  usually  about  two  micra  in  length. 

They  are  easily  stained  bj'  the  usual  anihn  dyes,  and,  stained  by 
the  methotl  of  (Iram,  are  completely  decolorized. 

Cultivation. — The  Morax-Axenfeld  bacillus  can  be  cultivated  ooly 
upon  alkaline  media  containing  blooil  or  blood  serum. 

It  grows  poorly,  or  not  at  all,  at  room  temperature. 

Upon  Loeffler's  bloml  !<trum,  colonics  appear  after  twenty-four  to 
thirty-six  hours  as  small  indentations  which  indicate  a  liquefaction  of 
the  medium.    Axenfeld  states  that  eventually  the  entire  metlium  may 
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become  liquefied.  Upon  scrum  agar  tlelicate  grayish  ciroij-like  colonies 
are  forme<l  wiiicli  are  uot  unlike  those  of  the  gonococcus. 

In  ascitic  bouilhn  general  uloutling  oecurs  within  twenty-four  hours. 

Pathogenicity. —  Attempts  t^>  pniciiter  Icsion.s  in  the  lower  animals 
with  this  bacillus  have  been  universally  luisucees-sful.  Subacute  con- 
junctivitis, however,  has  lieen  produced  in  human  l)eings  by  inocula- 
tions with  pure  cultures. 


ZUR  NEDDEN'S  BACILLUS 

In  ulcerative  condition.^  of  the  cornea,  Zur  Nedden  has  frequently 
found  a  bacillus  to  which  he  attributes  etiological  importance. 

The  bacillus  which  he  has  described  is  small,  usually  les.s  than 
one  micron  iti  length,  often  slightly  curved,  and  generally  found  singlj-. 
It  may  be  found  in  the  diplo  form  but  does  not  form  chains.  It  is 
stained  by  the  usual  dyes,  often  staining  poorly  at  the  end.H.  Stained 
by  Oram's  method  it  i.s  decolorized.     The  bacillus  is  non-motile. 

Cultivation. — It  is  easily  cultivated  u[)on  the  oniinary  laboratory' 
media,  ('[xju  iigar  it  forms,  williin  Iwenty-four  liours,  transparent, 
slightly  fluore.seent  colonies  which  ure  niund,  raised,  rather  coarsely 
granular,  and  show  a  tendency  to  confluence. 

Gelatin  is  not  lirjuefied. 

Milk  is  C))agulated. 

Upon  potato,  there  is  a  thick  yellowish  growth. 

U[K>n  (lejctrose  m<'(iia,  there  is  acid  formation,  but  no  gas. 

The  bacillus  forms  no  tiulol  in  peptun  soluHons. 

Patbog:emcity. — ( 'orneal  ulcers  have  been  produced  by  inoculation 
of  guinea-pigs. 

BACILLUS  or  DUCREY 

The  soft  chancre,  or  chaniToid,  is  vrn  iiculc  inflammatory,  destructive 
lesion  which  occurs  usually  upon  t!ie  genitals  or  the  skin  surrounding 
the  genitals.  The  infection  is  conveyed  from  one  individual  to  an- 
other by  direct  contact.  It  may,  hovvevt-r,  under  conditions  of  surgical 
manipulation,  be  transmitted  indirectly  Ijy  means  of  dressings,  towels, 
or  instruments. 

The  lesion  begins  usually  a"  a  small  pustule  which  rapidly  ruptures, 
leaving  an  irregular  ulcer  with  undermined  edges  and  a  mrrotic  floor 
which  .spreads  rapidly.  It  differs  clinically  from  the  true  or  syphilitic 
chancre  in   the  lack  of  induration   and   in   its  violent    inflammatory 
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nature.     Usually  it  leads  to  lymphatic  swellings  in  the  groin  which, 
later,  give  rise  to  abscesses,  conuiionly  spoken  of  as  ''buboes." 

In  the  discharges  from  such  lesions,  Ducrey,'  in  1889,  was  able  to 
demon.strate  minute  bacilli  to  which  he  attributed  an  etiologic^il  rela- 
tionship to  the  disease,  both  Ix-cause  of  the  regularity  of  their  prt-sonce 
in  the  lesions  and  the  successful  transference  of  the  diBeasc  by  means     ■ 
of  pu.'^  containing  the  microorganisms. 

Morphology  and  Staining. — The  Ducrey  bacillus  is  an  extremely 
small  bacillus,  measuring  from  one  to  two  micra  in  length  an<l  about 
half  a  micron  in  thickness.  It  ha.s  a  tendency  to  appe.ir  in  short 
chains  and  in  parallel  rows,  but  many  of  the  raicroorganism-s  may  Ix- 
Seen  irregularly  grouped.  It  is  not  motile,  posse.-^ses  no  flagella,  and 
does  not  form  spores. 

Stained  by  the  ordinarj'  anilin  dyes,  it  has  a  tendency  to  take  the 
color  irregularly  and  to  appear  more  deeply  stained  at  the  poles.  By  the 
Gram  method,  it  is  dt'oolorizwl.  In  tissue  sections,  it  may  Ik-  demon- 
strated by  Loeffler's  methylcne-blue  metho^l,  and  in  such  preparatioas 
has  been  found  within  the  granulation  tissues  forming  the  floor  of  the 
ulcers.    In  pus,  the  l>a<'illi  are  often  found  within  leucocytes. 

Cultivation  and  Isolation. — Early  attempts  at  cultivation  of  this 
bacillus  were  universally  unsucces.sful  in  spite  of  painstaking  experi- 
ments with  media  prepared  of  human  skin  and  blood  serum.  In  1900, 
Besangon,  Griffon,  and  Lc  Sourd  -  finally  succeedtxl  in  obtaining  growths 
upon  a  medium  containing  agar  to  which  human  blood  had  been  added. 
They  were  equally  successful  when  dog's  or  rabbit's  blood  was  substi- 
tuted for  that  of  man.  Since  the  work  by  these  authors,  the  cultiva- 
tion by  similar  methods  has  lieen  carried  out  by  a  number  of  investiga- 
tors. Coagulated  blood,  which  has  lieen  kept  for  several  days  in  sterile 
•tubes,  has  been  founti  to  constitute  a  favorable  medium.  Freshly 
clotted  blood  can  not  be  employed,  probably  because  of  the  bacteri- 
cidal action  of  the  serum.  Serum-agar  has  occasionally  been  used 
with  success,  but  does  not  give  results  as  satisfactory  as  those  obtained 
by  the  use  of  the  whole  blood. 

The  best  niethuil  of  obtaining  pure  cultures  upon  such  media  con- 
sists in  puncturing  an  unniptureil  bubo  with  a  sterile  hj^podermic  needle 
and  transferring  the  pus  in  considerable  quantity  directly  to  the  agar. 
If  possible,  the  inoculation  of  the  media  should  be  made  immediately 

•  Ducrey,  MonaUchr.  f.  prakt.  Dcnnat.,  9,  1889. 

•  Buatifon,  Griffon,  ct  Le  Sourd,  Preeae  m^.,  1900. 
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before  the  pus  has  had  a  chance  to  cool  off  or  to  be  exposed  to  light. 
When  buboes  are  not  availnl)le,  the  primary  lesion  may  be  thoroughly 
cleansed  with  sterile  water  or  salt  solution,  and  material  scraped  from 
the  bottom  of  the  ulcer  or  from  l)encath  its  overhanging  edges  with  a 
stiff  platinum  loop.  This  material  is  then  smeared  over  the  surface  of  a 
number  of  blood-sigar  plat.es. 

Upon  such  plates,  isolated  colonies  appear,  usually  after  forty-eight 
hours.  They  are  small,  transparent,  and  gray,  and  have  a  rather  firm, 
finely  granular  consistency.  The  colonies  rarely  grow  larger  than  pin- 
head  size,  and  have  no  tendency  to  coalesce.  At  room  temperature, 
the  cultures  die  out  rajiidly.  Kept  in  the  incubator,  however,  they  may 
remain  alive  and  virulent  for  a  week  or  more. 

On  the  simpler  mejdia,  glucose-agar,  broth,  or  gelatin,  cultivation 
is  never  8ucces.sfu!.  On  moist  blood-agar  and  in  the  condensation 
water  of  such  tubes,  the  bacilli  have  a  tendency  to  grow  out  in  long 

I  chains.     Upon  media  which  are  verj'  dry,  they  appear  singly  or  in 
short  chains. 
PathoKenlcity. — Besangon,  Griffon,  and  Le  Sourd,  and  others,  have 
succeeded  in  j)roducing  le.sions  in  man  by  inoculation  with  pure  cultures. 
Inoculation  of  the  lower  animals  has,  so  far,  been  entirely  without  result. 


MICROCOCCUS  MELITENSIS  (MALTA  FEVZR) 

{Bacilliis  melilensis) 


Malta  fever  is  a  disease  occurring  along  the  Mediterranean  coast 
and  its  islands.  It  has  been  recently  found  to  occur  also  in  South 
America,  South  Africa,  China,  and  in  the  West  Indies.  The  disease 
is  not  verj'  unlike  typhoiil  fever,  though  more  irregular  and  with  a 
lower  mortality.  It  is  accompanied  by  joint  pains,  sweating,  constipa- 
tion, and  occasionally  orchitis.     The  spleen  is  almost  always  enlarged. 

Recent  investigations  into  the  mamier  in  which  this  disease  is  con- 
veyed have  revealed  that  it  is  primarily  an  infection  of  goats.  A  large 
percentage  of  the  goats  on  Malta  were  shown  to  Ije  infected  and  passed 
the  organism  with  the  milk.  Forty  per  rent  of  the  goats  gave  positive 
agglutination  tests  and  the  organisnns  have  been  found  in  the  milk  in 
about  10  per  cent  of  the  animals. 

The  most  susceptible  animals  seem  to  be  goats,  but  horses  and  cows 
are  also  susceptible.  In  guinea-pigs  and  rabbits  the  discajne  can  be  ex- 
perimentally produced,  but  usually  takes  a  protracted  course.    Monkeys 
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are  susceptible,  and  the  disease  produced  in  these  animals  is  in  many 
features  identical  with  that  of  man. 

Transmission  seems  to  take  place  chiefly  by  the  ingestion  of  infected 
milk.  Direct  cutaneous  infection  or  through  mucous  membranes  may 
also  occur.  In  human  beings,  suffering  from  the  disease,  the  organi-sms 
may  be  isolated  from  the  blood  stream  during  the  entire  course  of 
the  disease  and  as  early  a.s  the  second  day.  The  disease  is  rarely 
fatal,  death  occurring  in  less  than  2  per  cent  of  the  cases  (Eyre,  loc.  ct7.).' 

The  microorganism  causing  the  disease  was  isolated  in  1887  by 
Bruce,'  a  British  army  surgeon. 

Morphology. — Micrococcus  melit'Cnsis  is  a  minute  bacterium  ap- 
pearing coccoid  in  smears  from  agar  cultures,  in  broth  cultures  assum- 
ing the  form  of  a  short,  slightly  wedgc-shiiped  bacillus  resembling  B. 
influenzie.  Babes '  regards  it  a.s  unquestionably  a  bacillus.  Eyre  de- 
scribes it  as  a  minute  coccus,  and  believes  the  bacillus-like  individuals 
to  represent  involution  forms.  It  appears  in  irregularly  parallel  groups, 
and  occasionally  forms  shctrt  chains. 

It  is  easily  stained  with  the  ordinary  dyes,  and  is  decolorized  by 
Gram's  method. 

Cultivation. — Micrococcus  melitensis  can  usually  be  cultivated  from 
the  spleens  of  those  who  have  succumbed  to  the  disease  and  from  the 
biood  stream  in  active  cases.  It  grows  on  nutrient  agar  at  37.5°  C, 
forming  small,  pearly  white  colonies  at  the  end  of  two  or  three  days, 
rt  grows  easily  on  all  of  the  ordinary  laboratory  media. 

Both  in  patients  and  in  injected  animals,  infection  with  this  bacte- 
rium produces  specific  agglutinins  which  are  of  great  practical  aid  in 
diagnosis.^ 

>  British  Commission  Report  cited  from  Eyre  in  KoUe  und  Wtutermanii, 
Handbuch,  etc.,  Eriii&nzungsband,  Heft  2. 

*  Brucf,  Practitioner.  1887.  _ 

*  Babes,  Kolle  und  Wafisermoiin,  iii,  p.  443. 

*  Wright  and  Lamb,  Jour.  Patk.  and  Bact.,  v,  1899. 
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In  many  of  the  lower  animals  there  occur  vioicntly  acute  bacterial 
infections  characterized  by  general  septicemia,  usually  with  petechial 
hemorrhages  throughout  the  organs  and  serous  membranes  and  severe 
intestinal  inflammations.  These  discuses,  spoken  of  as  the  "hemor- 
rhagic septicemias,"  are  caused  by  a  group  of  closely  allied  bacilli,  first 
classified  together  by  Hueppe  '  in  1886.  Some  confusion  has  existed 
as  to  the  forms  which  should  be  considered  within  Hueppe's  group  of 
"hemorrhagic  septicemia,"  a  number  of  bacteriologists  including  in 
this  class  bacilli  such  as  Loeffler's  Bacillus  typhi  murium,  and  Sahuon 
and  Smith's  hog-cho!cra  bacillus,  microorganisms  which,  because  of 
their  motility  and  cultural  characteristics,  belong  more  properly  to  the 
"Gartner,"  "entcritidis,"  or  "paratyphoid"  graup,  intermediate  be- 
tween colon  and  typhoid. 

The  organisms  properly  belonging  to  this  group  are  shoil  bacilli,  more 
plump  than  are  those  of  the  colon  type,  and  showing  a  marked  ten- 
dency to  stain  more  deeply  at  the  poles  than  at  the  center.  They  are 
non-motile,  possess  no  flagella,  and  do  not  fonn  spores.  They  grow 
readily  upon  simple  media,  but  show  a  very  marked  prefcivnce  for 
oxygen,  growing  but  slightly  below  the  surface  of  media.  By  some 
observers  they  are  characterized  as  "obligator}'  aerobes,"  but  this  is 
undoubtedly  a  mistake. 

\Miile  showing  considerable  variations  in  form  and  differences  in 
minor  cultural  characteristics,  the  species  characteristics  of  polar  stain- 
ing, dccolorization  by  Gram,  immobility,  lack  of  gelatin  liquefaction, 
and  great  pathogenicity  for  animals,  stamp  alike  all  niemlxM-s  of  the 
group.  Its  chief  recognized  representatives  are  the  bacillus  of  chicken 
cholera,    the    bacillus    of    swine-plagiie    (Deutsche    Schwciueseuche), 

^  Hueppe,  Berl.  klin.  Wdch.,  1886. 
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and  the   Bacillus  pleurosepticus   which  causes 
cattle  and  often  in  wild  game. 

RfM-aiise   of    certain   cultural    and    pathogenic     characteristics,  it 
seems  best  to  consider  the  Ijacilliis  of  bubonic  plague  with  this  grouji. 


BAOILLUS   OF    OHIOKEN    CHOLERA 

{Bacillus  aviseplicus) 

The  bacillus  of  chicken  cholera  was  first  carefully  studied  by  Paa- 
teur  '  in  ISSO.  It  is  a  short,  non-motile  bacillus,  measuring  from  0.5  to 
1  micron  in  length.  Stained  with  the  ordinary  anilin  dyes,  it  displays 
marked  polar  staining  qualities,  which  often  give  it  the  app«.-arancc  of 
Ix'ing  a  diplococcus.  It  is  decolorized  by  Gram's  method.  It  does  not 
form  spores,  but  may  occasionally  form  vacuolated  degeneration  forms, 
not  unlike  those  described  for  Bacillus  pestis. 

The  bacillus  is  easily  cultivated  from  the  blood  and  organs  of  infectwl 
animals,  it  grows  well  upon  the  simplest  media  at  temperatures  var>-- 
ing  from  25°  to  40"  C.  In  broUi,  it  produces  uniform  clouding  with 
later  a  formation  of  a  pellicle.  Upon  agar  it  forms,  within  twenty-four 
to  forty-eight  hours,  minut*  colonies,  white  or  yellowish  in  color,  which 
are  at  first  transparent,  later  opaque.  Upon  gelatin,  it  grows  without 
liquefaction.  Ujron  milk,  the  growth  is  slow  and  does  not  produce  co- 
agidation.  According  to  Kruse,'  indol  is  formed  from  pepton  bouillon. 
Acid,  but  no  gas,  is  formed  in  sugar  brolh. 

Among  barnyard  fowl,  this  disease  is  widely  prevalent,  attacking 
chickens,  ducks,  geese,  and  a  large  variety  of  smaller  birds.  The  iiifection 
is  extremely  acute,  ending  fatally  within  a  few  days.  It  is  accompanied 
by  diarrhea,  often  with  bloody  stools,  great  exhaustion,  and,  towanl  the 
end,  a  drowsiness  bordering  on  coma.  Autopsy  ufion  the  animals  re- 
veals hemorrhagic  inflammation  of  the  intestinal  nmcosa,  enlar^gement 
of  the  liver  and  spleen,  and  often  bronchopneumonia. 

The  specific  bacilli  may  be  found  in  the  blowl,  in  the  organs,  in  exu- 
dates, if  these  are  present,  and  in  large  numbers  in  the  dejecta.  Infection 
takes  place  probably  through  the  food  and  water  contaminated  by  the 
discharges  of  diseased  biiils.' 

Subcutaneous  inoculation  or  feeding  of  such  animals  with  pure 
cultures,  even  in  minute  doses,  gives  rise  to  a  quickly  developing 
septicemia  which  is  uniformly  fatal.     The  bacillus  is  extremely  patho- 

>  PaMfur,  Comptea  rend,  de  I'aead.  des  sci.,  1880. 

*Kru$e,  in  FlQgge'a  "  Die  MikroorgnnUmen," 

•Salwton,  Rep.  of  the  Com.  of  .Agriculture,  18S0,  1881,  and  1882. 
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genie  for  rabbits,  less  so  for  hogs,  sheep,  and  horses,  if  infection  is  prac- 
tifcil  by  subcutaneous  inoculation.  Infection  by  ingestion  does  not 
Bocm  to  cause  disease  in  these  animals. 

Historically,  the  bacillus  of  chicken  cholera  is  extremely  interesting, 
since  it  was  with  this  microorganism  that  Pasteur  '  carried  out  some  of 
his  fundamental  researches  upon  immunity,  and  succeeded  in  immu- 
nizing chickens  with  attenuated  cultures.  The  first  attenuation  ex- 
periment made  by  Pasteur  conslstetl  in  allowing  the  bacilli  to  remain  in 
a  broth  culture  for  a  prolonged  period  without  transplantation.  With 
minute  doses  of  such  a  culture  (raccin  I)  he  inoculated  chickens,  fol- 
lowing this,  after  ten  days,  with  a  small  dose  of  a  fully  vimlent  culture. 
Although  enormously  important  in  principle,  the  practical  results  from 
this  method,  as  applied  to  chicken  cholera,  have  not  been  satisfactory . 
It  was  with  this  bacillus,  furthcnnorc,  that  Pasteur  was  first  able  to 
demonstrate  the  existence  of  a  free  toxin  which  could  be  separated 
from  the  bacteria  by  filtration. 


BAOILLUS  OF  SWDTE   PLAQUE 
{Bacillus  suisepticus,  Schweineseiiche) 


This  microorgamsm  is  almost  identical  in  form  and  cultural  charac- 
teristics with  the  bacillus  of  chicken  cholera.     It  is  non-motile,  forms 
no  spores,  Ls  Gram-negative,  and  does  not  liquefy  gelatin.    The  bacillus 
causes  an  epidemic  disease  among  hogs,  which  is  characterized  almost 
regularly    by  a  bronchopneumonia   followed   by   general   septicemia. 
There  is  often  a  sero-sanguineous  pleural  exudate,  a  swelling  of  bronchial 
^—^  lymph  glands  and  of  liver  and  spleen.     The  gastrointestinal  tract  is 
^■rarely  affected.     The  bacilli  at  autopsy  may  be  found  in  the  lungs, 
^^  in  the  exudates,  in  the  liver  and  spleen,  and  in  the  blood.    The  disease 
18  rarely  acut.e,  but,  in  young  pigs,  almost  uuifonnly  fatal. 

It  is  probable  that  spontaneous  infection  usually  occurs  by  inhala- 
tion. Experimental  inoculation  is  successful  in  pigs,  both  when  given 
subcutaneously  and  when  administered  by  the  inhalation  method. 
Mice,  guinea-pigs,  and  rabbits  are  also  susceptible,  living  within  three 
or  four  days  after  subcutaneous  inoculation  of  small  doses. 

Active  and  passive  immunization  of  animals  agains-t  Bacillus  suisep- 
ticus has  been  attempted  by  various  observers.  Active  immunization, 
if  carried  out  with  care,  may  be  successfully  done  in  the  laboratory. 

'  Pasteur,  loc.  cit. 
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Passive  immunization  of  animals  with  tlie  serum  of  actively  inimunizoil 
horsc!8  hius  been  practicod  by  Kitt  and  Mayr,'  Schro.ilwr,'  and  Wasser- 
mann  and  Ostcrtag.  The  last-named  observers,  working  with  a  poly- 
valent serum  produced  with  a  number  of  different  strains  of  the  bacilhiH, 
have  obtained  i-csults  of  considerable  practical  value.  The  researches 
of  Kitt  and  Mayr  have  reveaUid  a  fact  pointing  to  the  interrelationship 
of  the  bacilli  of  the  "hemorrhagic  septicemia"  group.  They  were  able 
to  show  that  the  serum  of  horses  immunized  with  chicken  cholera 
bacilli  was  aVjIe  to  protect,  somewhat,  against  Bacillus  suisoptitus. 

Infection  with  the  bacillus  of  swine  plague,  in  hogs,  is  often  ac- 
companied by  an  infection  with  the  hog-cholera  bacillus  (Schweinfcpest). 
The  latter,  as  we  have  seen,  is  a  microorganism  belonging  to  the  entcri- 
tidis  group,  intermediate  between  Bacillus coli  and  Bacillus  tj-phosus,  and 
differing  from  .suisepticus  in  being  actively  motile,  possessing  flagella, 
not  .showing  the  polar  sttuning,  having  a  more  slender  morphology,  and 
producing  gas  upon  dextrose  broth.  A  confusion  between  the  two 
bacilli  fixMiuently  occurs  because  of  their  nomenclature.  Bacteriologic- 
ally  and  pathogenically,  they  ore  quite  distinct.  Bacillus  suisepticus 
produces  an  acute  septicemia,  accompanied  by  bronchopneumonia  and 
usually  not  affecting  the  gastro-int^'stinal  canal.  The  bacillus  of  hog 
cholera  produces  an  infection  localized  in  the  intestinal  canal. 


I 
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BACILLUS   PESTIS 

{BaciUus  of  Bubonic  Plague) 

The  history  of  epidemic  diseases  has  no  more  terrif3dng  chapti>r 
than  that  of  plague.'  Sweeping,  time  and  again,  over  large  areas  of 
the  civilized  world,  its  scope  and  mortality  were  often  so  great  that 
all  forms  of  human  activity  were  temporarily  paralyzed.  In  the 
reign  of  Justinian  almost  fifty  per  cent  of  the  entire  population  of 
the  Roman  Empire  perished  from  the  disease.  The  "'Black  Death" 
which  swept  over  Europe  during  the  fourt«ehth  century  killed  about 
twenty-five  laillion  people.  Smaller  epidemics,  appearing  in  numerous 
parts  of  the  world  during  the  8i.\t,eenth,  seventeenth,  and  eighteenth 
centuries,  hare  claimed  innumerable  victims.  In  lSft3,  plague  app«'aivd 
in  Ilong  Kong.  During  the  epidemic  which  followed,  Bacillus  pestia, 
now  recognizcjl  as  the  etiological  factor  of  the  dise'ase,  was  discovered  by 

>  A'ltf  und  Mayr,  Monatsh.  f.  prakt.  Tbierheilk.,  8, 1897. 

^Sehreibfr.  Berl.  tierarztl.  Woch.,  10.  1899. 

•  Hir$ch,  "  Handb.  d.  histor.-geogr.  Path.,"  1881. 
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Kitasato  '  and  by  Yersin,'  indcppniknitly  of  each  other.  By  both  ob- 
servers the  bacillus  could  iuvariahlylif  found  in  the  pus  from  the  buboes 
of  iifflictfd  ptirsons.  It  could  l>c  dpiuotmtnitcd  in  enormous  numbers 
in  the  cadavers  of  victims.  The  constancy  of  the  occurrence  of  the 
bacillus  in  patients,  shown  in  the  itmutncrahle  rr.searches  of  many 
hacteriologists.  would  alone  be  suflicicnt  evidence  of  its  etiologicid 
relationship  to  the  jiiaea-se.  This  evidence  \a  strengthened,  moreover, 
by  accidental  infections  which  occurred  in  Vienna  in  IfSifS,  with  hiboni- 
tory  cultures. 

Morphology  and  Staining. — Bacillus  pestis  is  a  short,  thick  liacillus 
with  well-rounded  ends.    It.s  length  is  barely  two  or  two  and  a  half  times 


Fio.  118. — Bacillus  PEs-ris.    (.\/ter  Mallory  and  Wright.) 


its  breadth  (1.5  to  1.75  micra  by  0.5  to  0.7  micron).  The  baeilti  appear 
singly,  in  pairs,  or,  more  rarely^  in  short  chains  of  three  or  more.  They 
show  distinct  polar  staining.  In  si/e  iind  .shape  tliese  bacilli  are  sub- 
ject to  a  greater  degree  of  variation  than  are  mo.st  other  microorganisms. 
In  old  lesions  or  in  old  cultures  the  bacilli  show  involution  foniis  which 
may  appear  either  aa  swollen  coccoid  forms  or  as  longer,  club-shiqjed, 
diphtheroid  bacilli.  Degenerating  individuals  apjwar  often  a.s  Hwullen, 
oval  vacuoles.  All  these  involution  forms,  by  their  very  injgularity, 
are  of  diagnostic  importance.  They  appear  more  numerous  in  artificial 
cultures  than  in  human  lesions. 

According   to  Albrecht  and  Ghon,'  the   plague    bacillus  may,  by 

'Kitatato,  Lancet,  1894.  'Yerain,  Ann.  de  I'inst.  Poat^ur,  1894. 

I  AlbrecM  und  Ghon,  Wien,  189S. 
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special  methods,  be  shown  to  possess  a  gelatinous  cnpeule.     It  does 
not  possess  flagella  and  docs  not  form  spores. 

The  plagiic  baeilius  is  easily  stained  with  all  the  usual  anilin 
dyes.  Diluted  aijueous  fuchsin  an<l  nietliylene-blue  arc  most  frequently 
employed.  With  these  .-stains  the  rharacteristieally  deeper  staining 
of  the  polar  portions  of  the  bacillus  is  usually  easy  to  demonstrate. 
Sf»ecia!  polar  stains  have  been  devised  by  various  observers.  Mont  of 
the.se  depend  upon  avoidance  of  the  usual  heat  fixation  of  the  pn'para- 
tions,  which,  in  some  way,  seems  to  interfere  with  good  polar  staining. 
Fixation  of  the  rlricd  smears  with  absolute  alcohol  is,  therefore,  prefer- 
able.   The  bacilliw  is  decolorized  by  Gram's  method. 


Fig.  1 19. — Bacillus  i'estis,  Involction  Fokms.     (After  Zettnow.) 

Isolation  and  Gultivation. — The  bacillus  is  eaaUy  isolated  in  porci 
culture  from  the  specific  lesions  of  plague  patients,  during  life  or  at 
autopsy.  It  grows  readily  and  luxuriantly  upon  the  meat-infu.sion 
media.  The  optimum  temperature  for  its  cultivation  is  about  30°  C. 
Below  20°  C.  and  above  3S°  C,  growth  is  sparse  and  delayed,  though  it 
is  not  entirely  inhibitt^d  until  exposed  to  temperatures  below  12°  C, 
or  above  40°  C.  The  most  favorable  reaction  of  culture  media  is  neu- 
trality or  moderate  alkalinity,  though  slight  acidity  does  not  prevent 
development. 

On  agar,  growth  apjwars  within  twenty-four  hours  as  minute 
colonies  with  a  compact  small  center  surrounded  by  a  broad,  irregularly 
indented,  granular  margin. 
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On  gelatin,  similar  colonies  appear  after  two  or  three  days  at  20° 
to  22°  C.     The  gelatin  is  not  liquefied. 

In  botiillon,  the  plague  bacilli  grow  slowly.  They  usuallj'  sink  to 
the  bottom  or  adhere  to  the  walls  of  the  tube  as  a  granular  deposit  and 
may  occasionally  form  a  delicat-e  pellicle.  Chain-formation  is  not  un- 
common. In  broth  cultures,  moreover,  a  peculiar  stalactite-like  growth 
is  oft«n  seen,  when  the  cuUure  fluid  is  covered  with  a  layer  of  oil. 
Delicate  threads  of  growth  hang  down  from  the  surface  of  the  medium 
into  its  depths  hke  stalactites.  Characteristic  involution  forms  are 
brought  out  best  when  the  bacilli  are  grown  upon  agar  containing  3 
per  cent  NaCl. 

Milk  is  not  coagulated.  In  litmus-milk  there  is  slight  acitl  forma- 
tion. On  potato  and  on  blood  serum  the  growth  shows  nothing  char- 
acteristic or  of  differential  value.     On  pepton  media  no  indol  is  formeil. 

Biological  ConBiderations. — Bacillus  iM?stis  is  aerobic.  Ab-sence  of 
free  oxygen  is  said  to  prevent  its  growth,  at  least  under  certain  condi- 
tions of  artificial  cultivation.  It  is  non-motile.  Outside  of  the  animal 
Ixxly  the  bacilli  may  retain  viability  for  months  and  even  years  if 
preserved  in  the  dark  and  in  a  moist  environment.  In  cadavers  they 
may  live  for  weeks  and  months  if  protected  from  dryness.  In  pus  or 
sputum  from  patients  they  may  live  eight  to  fourteen  days.  These 
facts  are  of  great  hygienic  importance. 

Complete  drying  in  the  air  kills  the  bacilli  within  two  or  three  days.' 
Thoroughly  dried  by  artificial  means  they  die  within  four  or  five  hours. 

Drj*  heat  at  100°  C.  kills  the  bacillus  in  one  hour.-  Live  steam  or  boil- 
ing water  is  effectual  in  a  few  minutes.  The  bacilli  possess  great  resist- 
ance against  cold,  surviving  a  temperature  of  0°  C.  for  as  many  as 
forty  days. 

Direct  sunlight  destroys  them  within  four  or  five  hours.  The  common 
disinfectants  are  effectual  in  the  following  strengths:  carbolic  acid,  one 
per  cent  kills  them  in  two  hours,  five  per  cent  in  ten  minutes;  bichloride 
of  mercury  1  :  1,000  is  effectual  in  ten  minutes. 

In  a  recent  communication  to  the  New  York  Pathological  Society, 
Dr.  Wilson  reported  that  plague  cultures  which  he  had  kept  sealed  for  as 
long  as  ten  years  in  the  ice  chest  were  found  fiving  and  virulent  at  the 
end  of  this  time.  This  ability  to  go  into  a  quasi  latent  stage  under 
suitable  conditions  is  of  the  greatest  importance  in  connection  with 
the  problem  of  prevention, 

'  KUasato,  Lancet,  1894.  « Abel,  Cent.  f.  Bakt.,  xxi,  1897. 
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PathoKonicity. — In  man,  plague  is  acquired'  by  entrance  of  the  bacil- 
lus either  through  tlie  skin  or  by  the  respiratory  tract.  The  period  of 
incubation  is  about  three  to  seven  daj's.  Two  distinct  clinical  types 
of  the  disease  occur,  depending  upon  the  mode  of  infection.  When 
cutaneous  infection  has  occurred  the  disease  is  first  localized  in  the 
IjTnph  nodes  nearest  the  point  of  inoculation.  If  the  respiratory  tract 
has  l>e('n  the  portal  of  entrance  the  disease  primarily  takes  the  form  of  a 
pneumonia. 

Infection  may  take  place  through  the  most  minute  lesions,  hardly 
visible  to  the  naked  eye.  Even  the  unbroken  skin  may  admit  the 
microorganisms  if  these  are  rubh)eil  in  wlh  sufficient  energy.  From  the 
primary  IjTni^hatic  swellings,  the  bacilli  enter  the  blood  and  may  pro- 
duce secondary  foci. 

The  pneumonic  form  of  plague  usually  begins  with  symptoms  not 
unlike  a  typical  pneumonia  and  is  usually  fatal  within  four  or  five  or 
even  fewer  days.  This  form  of  the  disea.se  is  especially  menacing  as  a 
means  of  dissemination,  because  of  the  enormous  numlxirs  of  plague 
bacilli  in  the  sputum. 

One  of  the  chief  characteristics  of  the  general  systemic  plague  infec- 
tion is  the  very  marked  cardiac  depression. 

The  bacteriological  diiignasis  during  fife  may  be  made  by  finding  the 
bacilli  in  the  .sjjutum  or  in  a.spiration  fluid  from  a  bubo.  The  micro- 
organisms are  identifie*!  niurphologically,  culturally,  bj'  animal  experi- 
ment, and  by  jigglutination  reaction.  Blood  cultures  from  plague  par 
tients  often  yield  positive  results,  especially  when  the  blood  is  well 
diluted  in  neutral  broth  to  prevent  any  inhibiting  action  of  the  anti- 
bodies in  the  serum. 

At  autopsy,  in  man,  the  bacilli  are  found  in  the  primar)'  lesions,  in 
the  l)lood,  antl  in  tlie  spleen,  the  liver,  and  the  IjTnphatics.  There  may 
be  hemorrhages  into  the  serous  cavities.  When  pneumonia  exists,  it 
usually  takes  tlie  form  of  a  bronchopneumonia  with  extensive  swelling 
of  the  bronchial  tym|)h  nodes. 

In  cases  in  which  the  disease  is  prolonged,  there  are  often  tubercle- 
like foci  in  the  spleen,  liver,  and  lungs.  Histologically  these  foci  show 
central  necrosis  surrounded  by  the  usual  inflammatory  cell  reactions. 
In  more  chronic  cases  connective-tissue  encapsulation  may  appear. 

Bacillus  pestis  is  extremely  pathogenic  for  rats,  mice,  guinea-pigs, 
rabbits,  and  monkeys.     The  most  susceptible  of  these  animals  are  rats 
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and  guinea-pigs,  in  whom  mere  rubbing  of  plague  bacilli  into  the  un- 
broken skin  will  often  jjn^Hhicc  the  disea.se.  This  method  of  experimen- 
tal infection  of  guinea-pigs  is  of  great  .service  in  isolating  the  plague 
bacillus  from  material  eontaminatefl  wth  other  microorganisms.  For 
the  same  purpose,  infection  of  rats  subcutaneously  at  the  root  of 
the  tail  may  be  employed.  Such  inoculation  in  rats  is  invariably 
fatal. 

The  studies  of  McCoy '  upon  guinea-pigs  and  white  rats  show  that 
individual  plague  cultures  may  varj'  considerablj^  in  vnrulence.  The 
size  of  the  dose,  always  excepting  enormous  quantities  such  as  a  whole 
agar  culture,  seems  to  make  little  difference  in  the  speed  with  which 
the  animals  die.  There  may  be  considerable  variation  in  the  suscep- 
tibility of  individual  animals.  Prolonged  cultivation  on  artificial  media 
may  gradually  reduce  the  virulence  of  [ilague  bacilli,  though,  as  stated 
"above,  this  has  not  bet-n  the  exix-rience  of  all  observers. 

In  rats,  spontaneous  infection  with  plague  is  common  and  plays  an 
important  role  in  the  spreatl  rtf  Ihc  di.sf^a-se.  Kats  become  infected  from 
the  cadavers  of  plague  victims  or  by  gnawing  the  deafl  IxHlics  of  other 
rats  dead  of  the  disease.  The  pneumonic  tv^ie  of  the  disease  is  common 
in  these  animals  and  has  !x>en  jjroduced  in  them  by  inhalation  experi- 
ments. During  every  well-observed  plague  epidemic,  marked  mortality 
among  the  domestic  rat.s  has  lx>en  noticed. 

Since  the  examination  of  rats  for  plague  is  an  important  phase  of 
the  study  of  epidemics,  it  may  be  well  to  review  the  typical  lesions  in 
these  animals  as  descril>ed  by  an  experienced  .■Vjnerican  student  of  plague, 
George  W.  McCoy.'  McCoy,  agreeing  with  the  Indian  Plague  Com- 
mission, states  that  the  naked  eye  is  superior  to  the  microscopical  ex- 
amination. There  is  engorgement  of  the  .sulxiutaneous  ves.sels  and  a 
pink  enloratiori  of  the  muscles.  The  bubo  when  present  is  sufficient 
for  diagnosis.  Marked  injection  surrounds  it  ami  sotnetiraes  there  i.s 
hemorrhagic  infiltration.  The  gland  itself  is  firm  but  usually  caseous  or 
occasionclly  hemorrhagic.  In  tlie  liver  there  is  apparent  fatty  change, 
but  this  is  due  to  necrosis.  Pin-point  spots  give  it  a  stippled  appear- 
ance as  though  it  had  l)een  dusted  with  pepper.  Pleural  effusion  is  an 
important  sign.  The  spleen  is  large,  friable,  and  often  presents  pin- 
point granules  on  the  surface.  One  or  two  per  cent  of  rats  may  present 
no  gross  lesions.  Cultures  .should  of  course  be  made.  The  method 
of  examination  consists  in  immersing  the  rat  in  any  convenient  antiseptic 
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•  MeCoy,  Jour,  of  Inf.  Dis.,  vi,  1909. 

»  Oearte  W.  McCoy,  Public  Health  Reports,  July,  1912. 
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to  kill  floas  and  other  ectoparasites.  The  rats  are  nailed  by  their  feet 
to  a  shingle  and  the  skin  is  reflected  from  the  whole  front  of  the  body  and 
neck  so  as  to  expose  the  cervical,  axillary,  and  inguinal  regioas.  The 
thoracic  an<l  alxlominal  cavitit>s  arc  then  opened  and  cxiunined. 

Wherry,'  McCoy,'  and  others  have  found  that  the  California  ground 
squirrel  was  infected  with  jilague,  during  the  recent  occurrence  of 
plague  on  the  Pacific  coaj<t,  and  several  cases  of  phigue  in  man  were 
traced  to  this  source.  In  studying  these  and  other  American  ro- 
dents McCoy  found  that  ground  squirrels  as  a  sp<'cies  were  highly 
susceptible,  never  showing  natural  immunity.  Field  mice  were  but 
moderately  sasceptible.  Gophexs  were  highly  resistant.  McCoy  has 
also  described  a  case  of  spontaneous  infection  in  a  brush  rat  (Neo- 
toma  fuscipes).  Kock  squirrels  were  found  by  McCoy  to  be  readily 
infected. 

Wu  Li(*a  Teh  (G.  L.  Tuck)  *  has  recently  found  thai  the  Manchurian 
tarhiigun  or  mannot  (Arctomys  bobac),  an  animal  trappetl  for  its  fur, 
occasionally  suffers  from  plague.  The  disease  is  never  extensive  and  the 
animal  of  mucli  less  imjxjrtance  in  spreading  the  disease  than  is  the  rat. 

The  two  principal  species  of  rats  to  be  considered  in  this  connection 
are  Epimys  norvegicus  and  Epimys  rattus.  The  spread  from  rat  to 
rat,  according  to  the  Second  Indian  Commission,  is  entirely  by  means 
of  infected  Heas. 

The  ordinary  spread  of  the  disease  to  man,  according  to  this  same 
commission,  cotiies  from  Epimys  rattus,  which  lives  in  close  relation- 
sbip  with  man  and  is  conveyed  to  man  largely  by  the  rat  flea,  Xenop- 
sylla  cheopis.  This  flea  leaves  the  dead  rat  in  about  three  days, 
and  is  cajjuble  of  living  for  three  or  four  weeks  on  man's  blood. 
The  plague  bacilli  need  about  three  days'  incubation  in  the  body  of 
the  flea. 

Summarizing  the  knowledge  at  present  available  about  the  spread 
of  the  plague,  it  seems  likely  that,  excepting  in  the  case  of  pneumonic 
plague,  the  ordinary  method  is  by  means  of  rat  fleas. 

It  is  a  curious  fact  observed  by  various  bacteriologists  that  plag\je 
bacilli  isolated  from  pneumonic  cases  are  particularly  apt  to  cause 
pneumonic  lesions,  having,  as  it  were,  acquired  a  selective  pathogenicity 
for  the  lung.    A  moat  valuable  contribution  t()  our  knowledge  of  pneu- 
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monic  plague  has  recently  been  made  by  Strong,  Teague,  and  Barber' 
in  their  report  of  the  American  Red  Cross  Exptnlition  to  Miinchuria 
during  the  plague  epidemic  of  1910-1 1.  Their  investigations  were  made 
with  remarkable  courage  and  skill  unrler  difficult  conditiims. 

The  chief  points  of  interest  in  tlieir  reports  may  be  summarized  as 
follows:  Elxpired  air  of  plague  patients  rarely  contains  the  bacilli;  these 
are  thrown  out  in  coughing  or  hawking.  Transmission  is,  in  this  form, 
direct  from  patient  to  patient  and  not  indirect  tluHjugh  animals.  The 
first  localization  (Strong,  Teague,  and  Crowell)  is  in  the  bronchi  from 
which  exteasion  takes  place.  Septicemia  soon  follows  the  jimmmonic 
process.  Spreading  occurs  most  likely  in  the  wet  and  cold  of  winter, 
since  the  bacteria  are  rapidly  destroyed  by  drying. 

Toxin  Formation. — The  systemic  symptoms  of  plague  are  largely  due 
to  the  absorption  of  poisonous  products  of  the  bacteria.  Albrecht  and 
Ghon,*  Wernicke,'  and  others  were  unable  to  ol>tain  any  toxic  action 
with  broth-culture  filtrates  and  concludeti  that  the  poisons  of  B.  pestis 
were  chiefly  endotoxins,  firmly  attached  to  the  bacterial  iwdy.  Kossel 
and  Overbeck,*  however,  on  the  basis  of  a  careful  investigation,  came 
to  the  conclusion  that,  in  addition  to  the  endotoxin,  there  is  formed  in 
older  broth  cultures  a  definite  and  important  true,  soluble  toxin. 

Immunization. — A  single  attack  of  plague  usually  protects  human 
beings  from  reinfection.  A  second  attack  in  the  sami;  individual  is 
extremi-ly  rare.  Immunization  in  animals  produces  specific  agglutinat- 
ing and  bacteriolytic  substances  which  are  of  great  importance  in  the 
bacteriological  diagnosis  of  t!ie  bacillus.  The  agglutinating  action  of  the 
serum  of  patients  is  clinically  im|)ortant  in  the  diagnosis  of  the  disease, 
even  in  dilutions  of  one  in  ten,  since  undiluted  normal  human  serum 
has  no  agglutinating  effect  upon  plague  bacilli. 

Active  immunization  of  animals  *  is  accomplished  by  inoculation  of 
the  whole  dead  bacteria.  Haffkine  has  attempted  active  imnmnization 
in  human  Ix^ings  by  subcutaneous  treatment  with  sterilized  broth  cul- 
tures of  B.  p<*stis.  GalTky  "  and  his  collaborators  recommend,  for  similar 
purposes,  forty-eight-hour  agar  cultures  of  a  bacillus  of  standard  viru- 
lence, emulsified  in  bouillon  and  sterilized  at  65°  C. 

'  Strung,  Teagiu-,  imtl  fiarbtr,  Philippine  Jour,  of  So.,  Sect.  B,  vii,  1912,  No.  3. 
'  AlbriclU  urn!  (tliou,  Uw.  cit. 

•  tt'rrnickr,  Cent.  f.  Bakt.,  Rof.,  xxiv,  1898. 

*  KoHsel  unil  (hiirlircJi-,  .\rb.  u.  d.  Gt'auniUi.,  xviii,  1!K)1. 
'  Yersiii,  <'tilmit(f,  ct  Uoiix,  .\nn.  ilc  I'inst.  P;i.st<'ur,  1895. 
'•  Gnffky,  Ffrifir,  Stkktr,  und  Dieudonnc,  Arb   u.  d.  kais.  Gesundheitsomt,  xvi, 
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The  curative  plague  serum  prepared  by  Yersin  and  others  by  the 
immunization  of  horses  with  ptaguc  cultures  has  lx><'n  extensively  used 
in  practice  and  though  often  disappointing,  a  de6nit*ly  iK-neficiai  in- 
fluence on  the  milder  cfises  has  been  noted.  The  sera  are  standardized 
by  their  protective  power  as  measured  in  whitv  rats. 


THE  PLAGUE-LIKE  DISEASE  OF  RODENTS  (McCOT)  ' 

Baderium  Tularense  (McCoy  and  Chapin)' 

McCoy  has  described  a  disease  occurring  in  Californian  ground 
squirrels  (Citellus  beechyi)  which  presents  lesions  verj'  similar  to  those 
of  plague  in  these  animals.  In  fact  the  disease  waa  noticed  in  the 
course  of  the  systematic  examination  of  rod<'nts  by  McCoy  at  the 
Federal  Laboratory  in  San  Francisco.  iUthough  McCoy  was  able  to 
transmit  the  disease  to  guinea-pigs,  mice,  rabbits,  monkeys,  and  gophers, 
and  plague-like  Ic-^ions  could  be  produced  in  most  of  the  animals,  he  was 
at  first  entirely  unable  to  cultivate  anj'  orgaui-sm  from  these  lesion*. 
In  1012  McCoy  and  Chapin  finally  succeeded  in  growing  the  specific 
bacterium  on  an  egg  medium  made  entirely  of  the  yolk.  Mor- 
phologically it  is  a  very  small  rod,  0.3  to  0.7  micron  in  length  and  often 
capsulated.  The  rods  stain  poorly  with  methylene  blue,  better  with 
carlxil  fuchsin  or  gentian  violet.  They  are  found  in  large  numbers  in 
the  spleens  of  animals  dead  of  the  disease. 

>  McCoy.  U.  S.  Puhbc  Health  Bull.  43,  1911. 
'  McCoy  and  Cha}hn,  Jour,  of  Inf.  Dis.,  x,  1912. 


CHAPTER  XL 

BACILLUS  ANTHRACIS  AND  ANTHRAX 

{Milzbrand,  Ckarbon) 

Anthrax  is  primarily  a  disea«e  of  the  herbivora,  attacking  especially 
cattle  and  sheep.  Infection  not  infrequently  occurs  in  horses,  hogs,  and 
goats.  In  other  domestic  iinimals  it  i.s  exceptional.  Man  is  susceptible  to 
the  disease  and  contracts  it  either  directly  from  the  living  animals  or 
from  the  hides,  wool,  or  other  parts  of  the  cadaver  used  in  the  industries. 

The  history  of  the  disease  date^  back  to  the  most  ancient  jjeriods  and 
anthrax  has,  at  all  times,  been  a  severe  scourge  upon  cattle-  and  sheep- 
raising  communities.  Of  all  infections  attacking  the  duniestic  animals 
no  other  has  claimed  so  many  victims  as  anthrax.  In  Russia,  where 
the  disease  is  most  common,  72,000  horses  arc  said  to  have  succumbed 
in  one  year  (1864).' 

In  Austro-Hungar}-,  Germany,  France,  and  the  Eastern  countries, 
each  year  thousands  of  animals  and  numerous  human  beings  perish  of 
anthrax.  In  England  and  .\merica  the  disease  is  JX'Iatively  infrequent. 
-No  quarter  of  the  globe,  however,  is  entirely  free  from  it. 

ICspecial  historical  interest  attaches  to  the  anthrax  bacillus  in  that 
it  was  tlie  firet  microorganism  proved  definitely  to  bear  a  specific  etio- 
logical relationship  to  an  infectious  disease.  The  discoverj"  of  the  an- 
thrax bacillus,  therefoi-e,  laid,  as  it  were,  the  cornerstone  of  modem 
bacteriolog>'.  The  bacillus  was  first  ob.served  in  the  blood  of  infected 
animals  by  PoUeudcr  in  1S49,  and,  independently,  by  Braucli  in  1857. 
Davaine.'  however,  in  1863,  was  the  first  one  to  produce  experimental 
infection  in  animals  with  blood  containing  the  bacilli  and  to  suggest 
a  direct  etiological  relationship  V>etween  the  two.  I'inal  and  absolute 
proof  of  the  justice  of  Davaine's  contentions,  however,  was  not  bmught 
until  the  further  development  of  bacteriological  technique,  by  Koch,' 
had  made  it  possible  for  this  last  observer  to  isolnte  the  bacillus  upon 

•  Quoted  from  Sohemheim,  Kolle  iin<1  Was-semiann.,  vol.  ii. 
»  DaiHiine.  Comptes  rend,  de  I'acad.  lips  sci..  Ivii,  1863. 

•  A'of/i,  Coliii's  '•  Beitr.  z.  Biol.  <1.  PfliiniiMi."  ii.  1876. 
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produce  the  disease  experimentally 


by  inocu- 
lation with  pure  cultures. 

Morphology  and  Staining. — Thf  anthra.v  bacillus  ia  a  straight  rotl, 
5  to  10  itiicia  ill  leiipth,  I  to  '.i  micra  in  width.  It  i.s  non-motile. 
In  preparations  made  fnun  the  blood  of  an  infcct^-d  animal,  the  bacilli 
are  usually  single  or  in  pail's.  Grown  on  artificial  nicilia  they  form 
tangles  of  long  threads.    Their  ends  are  cut  off  squarely,  in  sharp  con- 
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Fia.  120. — BACiu.ua  anthracis.    Froiu  purf  culture  on  n^r. 


trast  to  the  roimded  ends  of  many  other  bacilli.  The  comers  are  often 
sharp  and  the  ends  of  bacilli  in  contact  in  a  chain  often  touch  each  other 
only  at  these  points,  leaving  in  consequence  an  oval  chink  lietween  the 
ends  iif  the  organistns.  The  appearance  of  a  chain  of  anthrax  l)acilli. 
therefore,  has  bwn  not  inajitly  compared  to  a  rod  of  bamboo.  On 
artificial  media  the  anthrax  bacillus  forms  spores.  Oxygen  is  necessary 
for  the  formation  of  these  spores  and  they  arc  consequently  not  found 
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in  the  blood  of  infected  subjet-ts.  The  spores  are  located  in  the  middle 
of  the  bacilli  and  are  distinctly  oval.  They  are  difficult  to  stain,  but 
may  be  demonstrated  by  any  of  the  usual  Hporc-staininR  procedures, 
such  as  MoUer's  or  Novy's  methods.  The  haiilli  tlicnisi'lvcs  are  easily 
stained  by  the  usual  anilin  dyes,  an<l  gentian-violet  or  fuchsin  in  aque- 
ous sf>lution  may  be  conveniently  eiirplnyod.  They  arc  not  decslorized 
by  Gram's  method. 

In  preparations  from  animal  tissues  or  blood,  stained  by  special  pro- 


Fio.     121. — Bacillus    anthbacis. 


In    section    of    kidney  of  animal    i\psh\    of 
antlira..Y. 


cedures,  the  anthrax  bacillus  may  occasionally  be  seen  to  possess  a  cap- 
sule. The  capsule  is  never  seen  in  prepanitions  from  the  ortlinary 
artificial  media.  Some  obsc-rvers  have  demonstrated  them  in  cultures 
grown  in  fluid  blood  senmi.  In  chains  of  imthrax  bacilli,  the  capsule 
when  present  seems  to  envelop  the  entire  chain  and  not  the  individual 
bacteria  separately. 

Isolation. — Isolation  of  the  anthrax  bacillus  from  infected  material 
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is  comparatively  simple,  both  because  of  the  ease  of  its  cultivation  and 
because  of  the  sharply  characteristic  features  of  its  morphological  and 
cultural  appearance. 

Cultivation. — The  anthrax  bacillus  is  an  aerobic,  facultatively  anaero- 
bic bacillus.  Wliile  it  may  develop  slowly  and  sparsely  under  anaerobic 
conditions,  free  oxygen  is  required  to  permit  its  luxuriant  and  chariw- 
teristic  growth. 

The  optimum  temperature  for  its  cultivation  ranges  about  37.5°  C. 
It  is  not,  however,  delicately  susceptible  to  moderate  variations  of  tem- 


Fio.  122. — Bacillus  anthhacis.     In  siuear  of  spleen  of  aiiiraal  dead  uf  anthrax. 


perature  and  growth  docs  not  cease  until  temperatures  as  low  as  12°  C. 
or  as  high  jvs  ■15°  C.  are  ivached.  By  continuous  cultivation  at  some  of 
the  temperatures  near  either  the  higher  or  the  lower  of  these  limits,  the 
bacillus  may  Ixicome  well  adapted  to  the  new  environment  and  attain 
luxuriant  growth.' 

The  anthrax  bacillus  may  be  cultivated  on  all  of  the  usual  artificial 
media,  growing  upon  the  meat-extract  as  well  as  upon  the  meat-infusion 
media. 


>  Dieudotmf,  Art),  a.  d.  kata.  Q«9undh«it«amt,  1894. 
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It  may  be  cultivated  also  upon  hay  infiitfion,  various  other  vegetable 
media,  sugar  solutions,  and  urine.  While  motlfrate  aridity  of  the 
medium  does  not  prevent  the  growth  of  this  bacillus,  the  most  favorable 
reaction  for  media  is  neutrality  or  slight  alkalinity. 

On  gelalin  plates,  colonies  develop  within  twenty-four  to  forty-eight 
hours  as  opa<iue,  white  disks,  pin-head  in  size,  irregularly  round  and 
rather  flat.  As  the  colonies  increase  in  size  their  outlines  become  Jess 
regular  and  under  the  microscope  they  are  seen  to  be  matle  up  of  a 
hair-like  tangle  of  threads  spreading  in  thin  wavy  layers  from  a  more 
compact  central  knot.  The  microscopic  appearance  of  these  colonies 
has  been  aptly  described  as  resembling  a  Medusa  head.    Fragments  of  a 


Fig.  123. — Anthrax  Colony  on  Gelatin.      (After  GOntlier.) 
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colony  examined  on  a  slide  with  a  higher  power  show  the  individual 
threads  to  Ix-  made  up  of  parallel  chains  of  bacilli. 

.\fter  a  day  or  two  of  further  growth,  the  gelatin  about  the  colonies 
becomes  fluidified. 

In  gelalin  stab  ctdtures,  growth  appears  at  first  as  a  thin  white  line 
along  the  course  of  the  puncture.  From  this,  growth  proceeds  in  (hin 
spiciUes  or  filaments  diverging  from  the  stab,  more  abundantly  near  the 
top  than  near  the  bottom  of  the  stab,  owing  to  more  acti%'('  growth  in 
well  oxygenated  environment.  The  resulting  picture  is  that  of  a  small 
inverted  "Christmas  tree."  Fluidification  begins  at  the  top,  nl  first  a 
shallow  depression  fiUed  with  an  opatiue  mixture  of  bacilli  ami  fluid. 
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Later  the  bacilli  sink  U>  the  bottom  of  the  flat  depression,  leaving  a  clear 
sujierniitant  fluid  of  peptonized  gelatin. 

In  hrolh,  ji;rowlli  tiiken  plan'  raijidly,  I)ut  does  not  lead  to  an  even, 
general  clouding.  Tlica-  is  usually  an  initial  pellicle  formation  at  the 
top  where  the  oxygen  supply  is  greatest.  Simultaneously  with  this  a 
alimy  mass  appears  at  the  bottom  of  the  tube,  owing  to  the  sinking  of 


Fio.  124. — Anthrax  Colony  on  AuAii. 


bacilli  to  the  bottom.  Apart  from  isolated  flakes  and  threads  the  inter- 
vening broth  is  clear.  Shaken  up,  tli(!  tube  shows  a  louph,  stringy  mass, 
not  uidike  a  small  cotton  (luff,  and  general  clouding  is  produced  only 
by  vigorous  mixing. 

Upon  agar  plates,  growth  at  37.5°  C.  is  vigorous  and  colonies  appear 
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within  twelve  to  twenty-four  hours.  They  are  irregular  in  outline, 
slightly  wrinkled,  and  show  under  the  microscope  the  characteristic 
tangled-thread  appearance  seen  on  gelatin,  except  that  they  arc  more 
compact  than  upon  the  fomier  medium.  The  colonies  are  slightly  glisten- 
ing and  tough  in  consistency. 

On  agar  slanLs,  the  colonics  usually  become  confluent,  the  entire 
iirface  soon  being  covered  by  a  grayish,  tough  pellicle  which,  if  fished, 
hius  a  tendency  to  come  away  in  thin  strips  or  strands. 

On  potato,  growth  is  rapid,  white,  antl  rather  dry.  Sporulation  upon 
potato  is  rapid  and  marked,  and  the  medium  is  favorable  for  the  study 
of  this  phase  of  development. 

MUk  is  slowly  acidified  and  slowly  coagulated.  This  action  is  chiefly 
upon  the  casein;  vcrj'  few,  if  any,  change.s  being  produced  either  in  the 
sugars  or  in  the  fnts  of  the  milk.  The  acids  formed  arc,  according  to 
Iwanow,'  chiefly  formic,  acetic,  and  caproic  acids. 

Biological  Considerations. — Ttie  anthrax  bacillus  is  aerobic  and  facul- 
tatively auaiiroldc.  It  is  non-motile  and  possesses  no  flagella.  In  the 
animal  body  it  occasionally  forms  capsules.  In  artificial  cultures  in 
the  presence  of  oxygen,  it  sooner  or  later  invariably  forms  spores.  The 
spores  appear  after  the  culture  has  reached  its  maximum  of  tlcvelop- 
mcnt.  Sporulation  never  occurs  in  the  animal  body,  probably  because 
of  the  absence  of  sufficient  free  oxygen.  Spores  are  formed  most  exten- 
sively '  at  temperatures  ranging  from  20°  G.  to  30°  C.  Spore  formation 
ceases  below  1S°  C.  and  above  42"  C.  For  different  strains  these  figures 
may  vary  slightly,  as  has  l^een  shown  from  the  results  of  various 
observers.  Spores  appear  most  rapidly  and  regularly  upon  agar  and 
potato  media. 

The  .spore — one  in  each  bacillus— appears  as  a  small,  highly  refractile 
spot  in  the  center  of  the  individual  bacterium.  As  this  enlarges,  the 
body  of  the  bacillus  around  it  gradually  undergoes  granular  degenera- 
tion and  loses  its  staining  capacity.' 

If  anthrax  bacilli  arc  cultivated  for  prolonged  pcriotls  upon  media 
containing  hydrochloric  or  rosolic  acid  or  weak  solutions  of  carbolic 
acid,*  cultures  may  lie  obtained  which  do  not  spomlate  and  which  seem 
permanently  to  have  lost  this  power,  without  losing  their  virulence  to 
the  .«<ame  degree.     Similar  results  may  be  obtained  by  continuous  cul- 

'  Iwanow,  Ann.  de  I'inst.  Pasteur,  1892. 

'  Koch,  loc.  cit. 

•  Bthring,  Zeit.  f.  Hyg.,  vi  and  vii,  1889;  Deut.  mwl.  Woch.,  1889. 

«  Chamberland  et  Roux,  Comptes  rend,  de  I'acad.  des  aci.,  xcvi,  1882. 
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tivation  at  temperatun>s  abovi'  42°  C.     By  this  procpflure,  however, 
virulence,  too,  is  considerably  diniinished. 

Resistance. — Because  of  its  property  of  spore  formation,  the  anthrax 
bacillus  is  extremely  resistant  toward  chemical  and  ph\'sical  environ- 
ment. The  vegetative  forms  themselves  are  not  more  resistant  than 
most  other  non-sporulating  bacteria,  being  destroyed  by  a  temperature 
of  54°  C.  in  ten  minutes.  Anthrax  spores  may  Ijc  kept  in  a  dry  state 
for  many  years  without  losing  their  viability.'  While  diflferent  strains 
of  anthrax  spores  show  some  variation  in  their  powers  of  resistance, 
all  races  show  an  extremely  high  resistance  to  heat.  Dr>'  heat  at  140° 
C.  kills  them  only  after  three  hours.'  Live  steam  at  1{X)°  kill.s  them  in 
five  to  ten  minutes.  Boiling  in  water  destroys  them  in  about  ten  min- 
utes. Ix3W  temperatures  have  but  little  effect  upon  them.  Ravenel ' 
found  that,  frozen  by  liquid  air,  they  were  still  viable  after  three  hours. 

The  variability  shown  by  different  strains  of  spores  in  their  resistance 
to  heat  is  even  more  marked  in  their  behavior  towani  chemicals.*  Some 
strains  will  retain  their  viability  after  exposure  to  fivc-pcr-cent  carliolic 
acid  for  forty  days,'  while  others  are  destroyed  by  the  same  solution  in 
two  days.  Corrosive  sublimate,  1  :  2,000,  kills  moat  strains  of  anthnix 
in  forty  minutes. 

Direct  sunlight  destroys  anthrax  spores  within  six  to  twelve  hours,* 

Pathogenicity. — The  anthrax  bacillus  is  pathogenic  for  cattle, 
sheep,  guuioa-pig.s,  rabbits,  rats,  and  mice.  The  degrees  of  susceptibil- 
ity of  these  animals  differ  greatly,  variations  in  this  respect  existing  even 
among  different  members  of  the  same  species.  Thus,  the  long-haired 
-\Jgeriaii  sheep  show  a  high  resistance,  while  the  European  variety  are 
highly  susceptible;  and,  similarly,  the  gray  rat  is  much  more  resistant 
than  the  white  rat.  Dogs,  hogs,  cats,  birds,  and  the  cold-bloodeil  ani- 
mals are  relatively  insusceptible.  For  man  the  bacillus  is  definitely 
pathogenic,  though  less  so  than  for  some  of  the  animals  mentioned 
above. 

While  separate  races  of  anthra.\  bacilli  may  vary  much  in  their  de- 
gree of  virulem^,  a  single  individual  strain  remains  fairly  constant  in 
this  respect  if  preserved,  dried  upon  threads  or  kept  in  sealed  tubes,  in 
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'  Surmonl  el  Antould,  Ann.  de  I'inst.  Pasteur.  1894. 

'  Koch  und  Wolffhilgel,  Mitt.  a.  d.  kais.  Geauiidheitsamt,  ISSI. 

»  Ravenel.  Me<lical  News,  vii,  1899. 

•  Frankel,  Zeit.  f.  Hyg.,  vi,  1889. 

•  Koch,  loc.  dt. 

•  Momont,  Ann.  de  I'inat,  PB8t«ur,  1892. 
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'ft  cold,  dark  place.  Virulence  may  \h:  redurcd  '  by  vnrious  attenuating 
laboratoiy'  procedures  which  are  of  importance  in  that  they  have  made 
possible  prophylactic  immunization.  Heating  the  bacilli  to  55°  C.  for 
ten  minutes  considerably  reduces  their  viruh'nfc.  Similar  r<>sults  are 
obtained  by  prolonged  cultivation  at  temperatures  of  42°  to  43°  C, 
or  by  the  addition  of  weak  ilisinfcctants  to  the  culture  Huids.'  Once 
reduced,  the  new  grade  of  vindence  remains  fairly  constant.  Increase 
of  virulence  may  \k  artificiatly  produced  by  passage  through  aninials. 
Experimental  infections  in  susceptible  animals  aiv  most  easily  accom- 
plished by  subcutaneous  inoculations.  The  inoculation  is  followed,  at 
first,  by  no  morbid  sjanptoms,  and  some  animals  may  appear  perfectly 
well  and  comfortable  until  within  a  few  hours  or  even  moments  before 
death,  when  they  suddenly  become  visibly  very  ill,  njpidly  go  into 
collapse,  and  die.  The  length  of  tlie  tli.sease  de{)enils  to  some  extent, 
of  course,  upon  the  resistance  of  the  infected  subject,  being  in  guinea- 
pigs  and  mice  from  twenty-four  to  forty-eight  hours.  The  quantity  of 
infectious  material  intro<luced,  on  the  other  hand,  has  little  bearing 
upon  the  final  outcome,  a  few  bacilli,  or  even  a  single  bacillus,  often 
sufficing  to  bring  about  a  fatal  infection.  .Mthough  the  bacilli  are  not 
demonstrable  in  the  blood  until  just  before  death,  they  nevertheless 
invade  the  blood  and  lymph  streams  immediately  after  inoculation, 
and  are  conveyed  bj'  these  to  all  the  organs.  This  has  been  demonstrated 
clearly  by  experiments  where  inoculations  into  the  tail  or  ear  were  im- 
mediat-ely  followed  by  amputation  of  the  inoculated  parts  without  pre- 
vention of  the  fatal  gcMicral  infection.  The  bacilli  are  probably  not  at 
first  able  to  multiply  in  the  bloud.  .\t  the  place  of  inoculation  and 
probably  in  the  organs  they  proliferate,  until  the  resistance  of  the  in- 
fected subject  is  entirely  overcome.  /\t  this  stage  of  the  disease,  no 
longer  held  at  bay  by  any  antagoni.'-tic  rtualities  of  the  blooti,  they  enter 
the  circulation  and  multiply  within  it.  Autopsy  upon  such  animals 
reveals  an  edematous  hemorrhagic  infiltration  at  the  point  of  inocu- 
lation. The  spleen  is  enlargf<l  and  congested.  The  kidneys  are  con- 
gested, and  there  may  be  hemoirhagic  spots  upon  the  serous  mem- 
branes. The  bacilli  are  found  in  large  numbers  in  the  blood  and  in  the 
capillaries  of  all  the  organs. 

The  mode  of  action  of  Bacillus  anthracis  is  as  yet  an  unsettled  point. 
It  is  probable  that  death  is  brought  about  to  a  large  extent  by  purely 

'  Toussaint,  Comptee  rend,  rie  I'acad.  fles  sci.,  xci,  1880;   Pasteur,  Chamberland 
et  R<nur,  Coraptes  rend,  de  I'acad.  des  sci.,  xcii,  1881. 
•  Chamberland  et  Roui,  ibid.,  xcvi,  1882 
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mechanical  means,  such  as  capillar^*  obstruction.  Neither  a  true 
secretory  toxin  nor  an  endotoxin  has  been  denionst  rated  for  the  anthrax 
bacillus.  The  decidedly  toxemic  clinical  picture  of  the  disease,  ho\vc>*er, 
in  some  animals  and  in  man,  precludes  our  definitely  concluding  that 
such  poisons  do  not  e.xist.  It  is  a  matter  of  fact,  however,  tluit  neilh«T 
culture  filtrates  nor  dead  Ijacilli  have  any  noticeable  toxic  effect  upon 
tcjst  animals,  and  exert  no  appreciable  immunising  action. 

Spontaneous  infection  of  animals  takes  place  largely  by  way  of  the 
alimentary  canal,  the  bacilli  being  taken  in  with  the  food.  The  bacteria 
arc  swallowed  as  spores,  and  therefore  resist  the  acid  gastric  juice.  In 
the  intestines  they  develop  into  the  vegetative  forms,  incn.'ase,  and 
gradually  invade  the  system.  The  large  majority  of  cattle  infections 
are  of  this  type.  Direct  subcutaneous  infection  may  also  occur  sponta- 
neously when  small  punctures  and  abrasions  alx)ut  the  mouth  are  made 
by  the  sharp  spicules  of  the  hay,  straw,  or  other  varieties  of  fodder. 

^^^len  infection  upon  a  visible  part  occurs,  there  is  formed  a  diffuse, 
tense  local  swelling,  not  unlike  a  large  carbuncle.  The  center  of  tiiLs  may 
be  marked  by  a  black,  necrotic  slough,  or  may  contain  a  pustular  de- 
pression. 

Infection  by  inhalation  is  probably  rare  among  animals.  Trans- 
mission among  animals  is  usually  by  the  agency  of  the  excreta  or  un-  fl 
burned  carcasses  of  infected  animals.  The  bacilli  escaping  from  the 
body  are  deposited  upon  the  earth  together  with  auiniid  and  vegetable 
matter,  which  forms  a  suitable  medium  for  sporulation.  The  spores 
may  then  remain  in  the  inime<liate  vicinity,  or  may  be  scattered  by 
rain  and  wind  over  considerable  areas.  The  danger  from  buried  car- 
casses, at  first  suspected  by  Pasteur,  is  probably  very  slight,  owing  to  the 
fact  that  the  bacilli  can  not  sporulate  in  the  anaerobic  environment  to 
which  the  burjing-process  subjects  them.  The  disease,  in  infected  cattle 
and  sheep,  is  usually  acute,  killing  within  one  or  two  days.  The  mortality 
is  extremely  high,  fluctuating  about  eighty  per  cent. 

In  man  the  disease  is  u.sually  acquired  by  cutaneous  inoculation.  It 
may  also  occur  by  inhalation  and  through  the  alimentary  tract. 

Cutaneous  inoculation  occurs  usually  through  small  abra-^ions  or 
scratches  upon  the  skin  in  men  who  habitually  handle  live-stock,  and 
in  butchers,  or  tanners  of  hides.  Infection  occurs  most  frequently  upon 
the  hands  and  forearms.  The  primarj'  lesion,  often  spoken  of  as  "  malig- 
nant pustule,"  appears  within  twelve  to  twenty-four  hours  after  inocula- 
tion, and  resembles,  at  first,  an  ordinary  small  furuncle.  Soon,  however, 
itfi  center  will  show  a  vesicle  Ellcd  with  scro-sanguineous,  later  sero* 
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purulent  fluid.  This  may  change  into  a  bhiek  ci-ntral  necrosis  sur- 
rounded by  an  angrj'  red  edematous  areola.  Occasionally  local  gangrene 
and  general  systemic  infection  may  lead  to  death  within  five  or  six  days, 
ore  frequently,  however,  especially  if  prompt  excision  is  practiced,  the 
patient  recovers.  The  early  diagnosis  of  the  contlition  is  best  made 
l)act<?riologically  by  finding  the  bacilli  in  the  local  discharge. 

The  pulmonar\'  infection,  known  as  "wool-sorter's  disea-se,"  occurs 
in  persons  who  handle  r.iw  wool,  hides,  or  horse  hair,  by  the  inhala- 
tion or  by  the  swallowing  of  spores.  The  disease  is  foitunately  rare  in 
this  country.  The  spwres,  once  inhaled,  develo])  into  the  vegetative 
forms  '  and  these  travel  along  the  lymphatics  into  the  lungs  and 
pleura.  The  disease  manifests  itself  as  a  violent,  irregular  pneumonia, 
which,  in  the  majority  of  cases,  leads  to  death.  The  bacilli  in  these 
cases  can  often  be  found  in  the  sputimi  before  ileath. 

Infection  through  the  alimentary-  canal  may  occasionally,  though 
rarely,  occur  in  man,  the  source  of  infection  being  usually  ingestion  of 
the  uncooked  meat  of  infected  aiiimnls.  This  form  of  infection  is  rare, 
because  in  many  cases  the  bacilli  have  not  sporulated  in  the  animal 
and  the  ingested  vegetative  fomis  are  injured  or  destroyed  by  the  aciil 
gastric  juice.  When  viable  spores  enter  the  gxit,  however,  infection  may 
take  place,  the  initial  lesion  being  localized  usually  in  the  small  intes- 
tine. The  dhiical  picture  that  follows  i.sonc  of  violent  enteritis  with 
bloodj'  stools  and  great  prostnilion.  Death  is  the  rule.  The  diagnosis 
is  made  by  the  discovery  of  the  bacilli  in  the  feces. 

General  hygienic  prophylaxis  against  anthrax  consists  chiefly  in  the 
destruction  of  infected  animals,  in  the  burj'ing  of  cadavers,  and  in  the 
disinfection  of  stables,  etc.  The  practical  impossibility  of  destroying 
the  anthrax  spores  in  infectt'd  pastures,  etc.,  makes  it  necessary  to  re- 
sort to  prophylactic  immunization  of  cattle  and  sheep. 

Immunity  against  Anthrax. — Minute  quantities  of  virulent  anthrax 
cultures  usually  suffice  to  j)roducc  death  in  susceptible  animals.  Dead 
cultures  are  inefficient  in  calling  forth  any  inmiunity  in  treated  subjects. 
It  is  necessary,  therefore,  for  the  production  of  active  immimity  to 
resort  to  attenuatetl  cultures.  The  safest  way  to  accomplish  such  at- 
tenuation is  the  one  originated  by  Pasteur,'  consisting  in  prolonged 
cultivation  of  the  bacillus  at  42°  to  43°  C.  in  broth.  Nou-spore-forming 
races  are  thas  evolved. 

The  longer  the  bacilli  are  grown  at  the  above  temperature  the  greater 


Eppinger,  Wien.  med.  Woch.,  1888.        «  Pasteur,  loc.  dt. 
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is  the  reduction  in  their  virulence.  Koch,  Gaffky,  and  Ix>effler,'  utilising , 
the  variatioiLs  in  susceptibilities  of  differcnt  species  of  animals,  devLsod  s 
method  by  means  of  which  the  relative  attenuation  of  a  given  culture  may 
be  estimated  and  standan  lized.  Rabbits  are  less  susceptible  than  guinea- 
pigs,  and  virulent  ant  hrax  cultures,  grown  for  two  or  three  days  imdcr  the 
stated  conditions,  lose  their  power  to  kill  rabbits,  but  arc  less  virulent  for 
guinea-pigs.  After  t«n  to  twenty  days  of  further  cultivation  at  42°  C. 
the  virulence  for  the  guinea-pig  disappears,  but  the  culture  is  potent 
against  the  still  more  susceptible  mouse.  Even  the  virulence  for  mice 
may  be  entirely  eliminated  by  further  cultivation  at  this  temperature. 

The  method  of  active  immunization  first  practiced  by  Pitsteur,  and 
still  used  extensively,  is  carried  out  as  follows:  Two  anthrax  cultures 
of  var^nng  degrees  of  attenuation  are  used  as  vm-dns.  The  premier 
vaccin  is  a  culture  which  has  lost  its  virulence  for  guinea-pigs  and 
rabbits,  and  is  potent  only  against  mice.  The  deuxiime  wwrm  is  a  cul- 
ture which  is  still  definitely  virulent  for  mice  and  guinea-pigs,  but  not 
potent  for  rabbits.  Forty-eight-hour  broth  cultures  of  these  strains, 
grown  at  37.5°  C,  form  the  vaccin  actually  employed.  Vaccin  I  ia 
3ubcutaneou.sly  injected  into  cattle  in  doses  of  0.25  c.c,  sheep  receiving 
about  half  this  ciuantity.  After  twelve  days  have  elapsed  similar  quan- 
tities of  Vaccin  II  are  injected. 

Pasteur's  method  has  given  excellent  results  and  confers  an  im- 
munity which  lasts  about  a  year. 

Chauveau'  has  modified  Pasteur's  method  by  growing  the  bacilli 
in  bouillon  at  3S°  to  3!)°  C,  at  a  pressure  of  eight  atmospheres.  Cul- 
tures are  then  made  of  races  atU?nuated  in  this  way,  upon  chittken 
bouillon  and  allowed  to  develop  for  thirty  days.  Single  injections  of 
0.1  c.c.  each  of  such  cultures  are  said  to  protect  cattle. 

Active  immunization  of  .small  laboratory  animals  is  very  difficult, 
but  can  be  accomplished  by  careful  treatment  with  extremely  attenu- 
ated cultures. 

Passive  immunization  by  means  of  the  serum  of  actively  immune 
animals  was  first  successfully  accomplished  by  Sclavo.* 

The  subject  of  passive  imnmnization  has  been  C8|)ecially  investigatetl 
and  practically  applied  by  Solx-mlieim.'*  The  serum  used  is  proiluce-l  by 
actively  imnmnizing  sheep.    It  is  necessary  to  carry  immunization  to  an 
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■  Kuch,  Gaffky,  und  LoeffUr,  Mitt,  a,  d.  kais.  Gesundheitsamt,  18S4. 

•  Chaureau,  Compttti  rend.  He  I'acsd.  des  8ci.,  1884. 

*  Sclavo,  Cent.  f.  Bakt.,  xviii,  1895. 
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extremely  high  degree  in  orticr  to  obtain  any  appiwiablc  jjiotccfivc 
power  in  tlie  serum.  Tliis  is  tvix-oniplislied  !>y  prplimiiiary  troatincnt 
with  Pasteur's  or  other  atteiuiutetl  vaccines,  followed  by  gradiuilly 
increasing  doses  of  fully  virulent  cultures.  Tivtitnient  continued  at 
iutervals  of  two  weeks,  for  two  or  three  nionth.s,  usually  produces  an 
effective  serum.  Horses  and  cattle  may  also  be  usetl  for  the  process,  but 
they  are  believed  by  Soberuheiin  to  give  leas  active  sera  than  sheep. 
Jlocding  is  done  about  three  weeks  after  the  last  injection.  The  sera 
stable  and  easily  preserved. 

Injections  of  20  to  2.5  c.c.  of  such  a  senun  have  been  found  to  protect 
minials  effectually  from  antlira.\  and  to  confer  an  immunity  hwting 
|often  as  long  as  two  inonth.s.  .\nimals  already  infected  arc  said  to  Iw 
ived  by  treatment  with  2.5  to  100  c.c.  of  the  semm. 

Neither  specific  bactericidal  nor  bacteriolytic  properties  have,  wo 
far,  been  demonstrated  in  these  iiimiiuie  sera.  In  fact,  these  properties 
are  distinctly  more  pronounced  against  Bacillus  anthracis  in  the  iionnal 
sera  of  rats  and  dogs.  .Agglutinins  have  not  been  satisfactorily  ilenioii- 
stratcd  in  sera,  partly  becau.se  of  the  great  technical  difficulties  en- 
countered in  the  active  chaiu-foraiation  of  the  bacillus  in  fluid  media. 
-Vn  increase  of  opsonic  power  of  such  serum  over  nonnal  serum  has 
not  been  satisfactorily  demonstrated. 

Bacteria  Closely  Reseinbling  Bacillus  anthracis. ^In  most  laboratory 
collections  there  are  strains  of  true  anthrax  bacilli  .so  attenuated  that 
they  are  practically  non-pathogenic.  These  do  not  differ  from  the 
virulent  strains  in  any  morphological  or  cultural  characteiistios. 
^Besides  such  strains  there  are  numerous  non-virulent  bacteria  culturally 
not  itlentical  with  Bacillus  anthracis,  but  resembling  it  very  closely. 

B.  anthracoides  (Hueppe  atid  Wood  '). — A  Gram-positive  bacillus, 
morf)hoIogically  different  from  B.  anthracis  in  that  the  ends  are  more 
rounded.  Culturally,  somewhat  more  rapid  in  growth  and  more  rapid 
in  gelatin  fltiidification.  Non-pathogenic.  Otherwise  indistinguishable 
from  B.  anthracis. 

B.  RADICOSU8  (Wurzel  Bacillus) . — Cultivated  from  water — city  watei 
supplies.  Morphologically  .somewhat  larger  than  Bacillus  anthracis,  and 
the  individual  bacilli  more  irregular  in  size.  Very  rapid  fluidification  of 
gelatin  and  growth  most  active  at  room  temperature.    Non-pathogenic. 

B.  .suHTiLis  {Hay  Bacillus). — Although  not  verj'  closely  related  to 
the  anthrax  group,  this  bacillus  is  somewhat  similar  and  conveniently 


>  Hueppe  und  Wood,  Bert.  Win.  Woch.,  xvi,  1889. 
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described  in  this  connection.  It  Li  of  importance  to  workers  with  patho- 
genic bacteria,  because  of  the  frequency  with  which  it  is  found  aa  a 
saprophyte  or  secondaiy  invader  in  chronic  sii]>pur.itive  lesions. 

Morpfiologif. — ytraighl  rod, 2  to  8  niicra  long, 0.7  micron  wide.  Spores 
formed  usually  slightly  nearer  one  pole  than  the  other.  Grows  in  long 
chains  and  only  in  such  chains  are  spores  found.  It  does  not  decolor- 
ize by  Grain's  method.     Is  actively  motile  in  young  cultures  in  which 


Fia.  125. — Bacillus  Subtilis.     (Iluy  Bacillus.) 


the  bacilli  are  single  or  in  pairs.  In  older  cultures  chains  are  fomaed 
and  the  bacilli  l)ecome  motionless.  Gelatin  is  liquefied.  On  gelatin 
and  agar  the  bacilli  grow  as  a  dry  corrugated  pellicle.  Microscopically, 
the  colonies  are  made  up  of  interlacing  threads,  bemg  irregidarly  round 
with  fringed  edges.  There  is  a  tendency  to  confluence.  The  bacillus 
is  found  in  bracki.sh  water,  infusions  of  vegetable  matter,  etc.,  and  ia 
practically  non-pathogenic,  occurring  only  occasionally  as  a  saprophyte 
in  old  sinuses  and  infected  wounds. 
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It  is  a  matter  of  common  surgirti!  experience  that  many  suppurating 
wounds,  especially  sin\ises  of  long  standing,  discharge  pus  wliich  is  of  a 
bright,  grtHjn  color.  The  fact  that  this  peculiar  type  of  purulent  inflam- 
mation is  due  to  a  specific  chromogenic  microorganism  was  fii'st  demon- 
strated by  Gessard  '  in  1.SS2.  The  bacillus  which  was  described  by  Ges- 
sard  has  since  (K'come  the  subject  of  much  cuirful  research  and  has  been 
shown  to  hold  a  not  unimportant  place  among  pathogenic  bacteria." 

Morphology  and  Stainiiig.  —  Bacillus  pyocyaneus  is  a  short  rod,  usu- 
ally straight,  occasionally  slightly  curved,  measuring,  according  to 
Kiiigge,  about  1  to  2  micra  in  length  by  about  0.3  of  a  micron  in  thickness. 
The  bacilli  arc  thus  smaU  and  slender,  but  arc  subject  to  con.siderable 
variation  from  the  measurements  given,  even  in  one  and  the  same  cul- 
ture. While  ordinarily  single,  the  bacilli  may  be  arranged  end  to  end  in 
.short  chains  of  two  and  three.  Longer  chains  may  exceptionally  be 
formed  ujjon  media  which  are  especially  unfavorable  for  its  growth,  such 
as  very  acid  media  or  those  containing  antiseptics. 

Spores  are  not  found.  The  bacilli  are  actively  motile  and  possess 
each  a  single  flagellum  placed  at  one  end. 

Bacillus  pyocyaneus  is  stained  easily  with  all  the  usual  dyes,  but  is 
decolorized  by  Gram's  method.  Irregular  staining  of  the  bacillary  body 
is  common,  but  is  always  an  indication  of  degeneration,  and  not  a 
normal  characteristic,  as,  for  instance,  in  the  diphtheria  group. 

Cultivation. — The  pyocyaneus  bacillus  is  ai^rohic  and  facultatively 
anaerot)ir.  It  can  be  adapted  to  absolutely  anaerobic  environments,  but 
does  not  produce  its  characteristic  pigment  without  the  free  access  of 
oxygen.  The  bacillus  grows  readily  upon  the  usual  laboratory  media 
and  is  not  ver\-  sensitive  to  reaction,  growing  equally  well  upon  moder- 
ately alkaline  or  acid  media.  Development  takes  place  at  temperatures 
as  low  as  18°  to  20°  C,  more  rapidly  and  luxuriantly  at  37.5°  C. 


■  Gessard.  TWse  tic  Fans,  1882. 
'Charrin,  "  La  maladie  pyocysnique,"  Paris,  1889. 
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On  agar  slants,  growth  is  abundant  and  confluent,  the  surface  of  the 
agar  being  covered  by  a  moist,  grayish  or  yellowish,  glistening,  even  layer. 
The  pigment  which  begins  to  become  visible  after  about  eighteen  houra 
soon  p<'nctrat<'8  the  agar  itself  and  becomes  diffused  throughout  it, 
giving  the  niedium  a  bright  green  fluorescent  appearance,  which  grows 
darker  as  the  age  of  the  culture  increases. 

In  gelatin  stabs,  growth  takes  place  much  more  rapidly  upon  the 
surface  than  in  the  depths.  A  rapid  liquefaction  of  the  gelatin  takes 
place,  causing  a  saucer-shaped  depression.  As  this  deepens,  pigment 
begins  to  form  in  the  upper  layers,  often  visible  as  a  greenish  pellicle. 

In  gelatin  plates,  the  colonies  have  a  characteristic  appearance.  They 
are  round  and  are  composed  of  a  central  dense  zone,  and  a  peripheral, 
loosely  granular  zone,  which  extends  outward  into  the  peripheral  fluidi- 
fied area  in  a  fringe  of  fine  filaments.  WTien  first  appearing,  they  are 
grayish  yellow,  later  assuming  the  characteristic  greenish  hue. 

In  broth,  growth  is  rapid  and  chiefly  at  the  surface,  forming  a  thick 
pellicle.  Below  this,  there  is  moderate  clouding.  The  pigment  is  fonncd 
chiefly  at  the  top.  In  old  cultures  there  is  a  heavy  flocculent  precipitate. 
In  fluid  media  containing  albuminous  material,  strong  alkalinity  is 
proituced. 

On  potato,  growth  develops  readily  and  a  deep  brownish  pigment  ap- 
pears, which  is  not  unlike  that  produced  by  B.  mallei  upon  the  same 
medium. 

Milk  is  coagulated  by  precipitation  of  casein  and  assumes  a  yellowish- 
green  hue.  In  older  cultures  the  casein  mayagain  bedigeated  and  liquefied 

The  pigment  of  Bacillus  pyocyaneus  has  been  the  subject  of  much 
investigation.  It  was  shown  by  Charrin  '  and  others  that  this  pigment 
had  no  relation  to  the  pathogenic  proj>crties  of  the  bacillus.  It  is  found 
in  cultures  as  a  colorless  leukobase  which  assumes  a  green  color  on  the 
addition  of  oxygen.  Conversely,  the  tj^pical  green  "pyocyanin,"  aa 
the  pigment  is  called,  may  be  decolorized  by  retlucing  substances.  This 
explains  the  fact  that  it  Is  not  found  in  cultures  sealed  from  the  air.  Pyo- 
cyanin may  be  extracted  from  cultures  with  chloroform  and  crystallized 
out  of  such  solution  in  the  form  of  blue  stellate  crj-stals.  These,  on 
chemical  analysis,  have  been  found  to  belong  to  the  group  of  aromatic 
compounds,  with  a  formula,  according  to  I^dderhose,'  of  C„H,,N)0. 

Besides  pyocyanin,   Bacillus   pyocyaneus  produces   another   pig- 
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lent  which  is  fluorescent  and  insoluble  in  rhloroforni,  but  soluble  in 
ter.'  This  pigment  is  common  to  other  fluorescent  bacteria,  and  not 
peculiar  to  Bacillus  pyot^yaneus.  The  nMldish-brown  color  seen  in  old 
cultures'  and  supposed  by  some  writei>  to  be  ji  third  j)igment,  is  probably 
a  derivative  from  pyocyanin  by  chemical  change. 

Chloroform  extraction  of  pyocyanin  from  cultures  may  serve  oc- 
casionally to  distinguish  the  pyocyaneus  bncilh  from  other  similar 
fluorescent  bacteria.  Ernst  has  claimetl  that  there  are  two  types  of  B. 
pyocyaneus,  an  «-t.ype  which  prodiires  oidy  the  fluorescent,  water- 
soluble  pigment,  and  a  ,J-type  which  produces  both  this  and  pyocyanin.'' 
I  Pathogenicity. — Bacillus  pyocyaneus  is  one  of  the  le.ss  virulent  patho- 
genic bacteria.  It  is  widely  distrihuterl  in  nature  and  may  be  found 
fre<iuenlly  as  a  harmless  parsvsite  upon  the  skin  or  iji  the  upper  i-espira- 
tory  tracts  of  animals  and  men.  It  has,  however,  occasionally  been 
found  in  connection  with  suppurative  lesions  of  various  parts  of 
the  body,  often  as  a  mere  secoiulary  invader  in  the  wake  of  another 
incitant,  or  even  as  the  primary  cause  of  the  inflammation.  In  most 
cases  where  true  pyocyaneus  infection  1ms  taken  place,  the  subject  is 
usually  one  whose  general  condition  and  resistance  are  abnormally  low.' 
Thus  pyocyaneus  may  be  the  cause  of  chronic  otitis  metlia  in  ill-nour- 
ished children.  It  has  been  cultivaterl  out  of  the  stools  of  children  suf- 
fering from  diarrhea,  and  has  been  found  at  autopsy  generally  distributed 
throughout  the  organs  of  children  dead  of  gastro-enterifis.'  It  has  been 
cultivated  from  the  spleen  at  autopsy  from  a  case  of  general  sepsis 
following  mastoid  operation.  The  baeUlus  has  been  found,  further- 
more, during  life  in  pericardial  exudate  and  in  pus  from  liver  abscesses." 
Brill  and  Libuian,'  as  well  as  Finkelstein,"  have  cultivated 
pyocyaneus  from  the  blood  of  patients  suffering  from  general  sepsLs. 
Wamcrmann  "  .showed  the  bacillus  to  have  been  the  etiological  factor  in 
an  epidemic  of  undiilical  infections  in  new-born  children,  l^imilar  exam- 
ples of  B.  pyocyaneus  infection  in  human  beings  might  be  enumerated  in 
large  numbers,  and  there  is  no  good  reason  to  doubt  that,  under  given 

'  BoUind,  loc  cit. 

'Gcssanl.  Ann.  de  I'inst.  Pasteur,  1890,  1891,  and  1892. 

»  Emm.  Zeit.  (.  Hyg.,  ii,  1887. 

•  Rohnrr,  Cent.  f.  Bakt.,  xi,  1892. 

•  Neumann,  Juhrb.  f.  Kiuderlieilk.,  IS90. 
'  Krnunttalii,  Zc-it.  f.  Ohir.,  x.xxvii.  I.S9.S. 
'  Brill  and  Libtnan,  Knwr.  Jour.  Mini.  Sci.,  1899. 

•  FtnJte/«tei"n,  Cent.  f.  Bakt.,  1899. 
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conditions,  fatal  infectiona  may  occur.   Such  cases,  however,  are  still  to  ' 
be  regarded  as  depending  more  upon  the  low  resistance  of  the  individual 
:vttiv(kcd  than  upon  the  great  pathogenicity  of  B.  {)yocyaneu8, 

Miiny  <loinestic  auimula  are  susceptible  to  experimental  pyocj'aneua 
infection,  chief  among  these  being  rabbits,  goals,  mice,  ami  guinpM- 
pigH.  (Juinea-pigs  are  killed  by  thirf  bacillus  with  especial  ease.  Intra- 
peritonc'ul  inoculation  witii  a  loopful  of  a  culture  of  average  virulence 
usually  leads  to  the  death  of  a  young  guinea-pig  within  three  or  four  days. 

Toxins  and  Immunization. — Emmerich  and  Low  have  shown  thjit 
filtnitcs  of  old  broth  cultures  of  B.  pyocyaneus  contain  a  fernient-likc 
substance  which  possesses  the  power  to  destroy  some  other  bacteria, 
apparent  ly  by  lysis.  They  have  called  this  sul)Ktance  "  pyocyanase  "  and 
claim  that,  with  it,  they  have  succeeded  in  protecting  animals  from 
anthrax  infection.  During  recent  years  pyocyanase  has  been  employed 
locally  for  the  removal  of  iliphthcria  bacilli  from  the  throats  of  convale.s- 
cent  ea.ses.  Broth-culture  filtrates  evaporated  to  one-tenth  their  volume 
in  vacuo  are  used  for  this  purpose. 

Pyocyanase  is  exceedingly  thermostable,  resisting  boiling  for  several 
hours,  and  is  probably  not  identical  with  any  of  the  other  toxins  or 
peptonizing  ferments  produced  by  B.  pyocyaneus. 

The  toxins  proper  of  B.  pyocyaneus  have  been  the  subject  of  much 
investigation,  chielly  by  Wassermann.'  Wsissennann  found  that  filtrates 
of  old  cultures  were  far  more  poisonous  for  guinea-pigs  than  extracts 
made  of  dead  bacteria.  He  concludes  from  this  and  other  ob.servations 
that  B.  pyocyaneus  produces  Ixith  an  endotoxin  and  a  soluble  secreted 
toxin.  The  toxin  is  comparatively  thermostable,  resisting  100°  C.  for  a  , 
short  time.  Animals  actively  immunized  with  living  cultures  of  B.  pyo- 
cyaneus give  rise  in  their  blood  serum  to  bacteriolytic  antibodies  only. 
Immunized  with  filtrates  from  old  cultures,  on  the  other  hand,  their 
serum  will  contain  both  bacteriolytic  and  antitoxic  .substances.  The 
true  toxin  of  B.  pyocyaneus  never  approaches  in  strength  that  of  diph- 
theria or  of  tetanus,  .\ctive  immunization  of  animals  must  be  done 
carefully  if  it  Ls  desired  to  produce  an  immune  scrum,  since  repeate<i 
injections  cause  great  emaciation  and  general  loss  of  strength.  Specific 
agglutinins  have  been  foimd  in  immune  sera  by  Wassermann '  and 
otlieis.  Eisenberg '  claims  that  such  agglutinins  are  active  also  against 
some  of  the  fluorescent  intestinal  bacteria. 


'  Waaaermann,  Zeit.  f.  Hyg.,  xxii,  1896.      '  Waa*ertnann,  Zeit.  f.  Hyg.,  1902, 
*  EUmberg,  Cent,  f.  Bakt.,  1903. 
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BuDocIi  and  Hunter*  have  recently  been  able  to  show  that  old 
broth  cultures  of  B.  pyocyaneus  contain  a  substance  capable  of 
hemolyzing  the  red  blood  corpuscles  of  dogs,  rabbits,  and  sheep. 
This  "pyocyanolysin"  seems  intimately  attached  to  the  bacterial 
body.  Prolonged  heating  of  cultures  does  not  destroy  it.  Heating  of 
hemolytic  filtrates,  however,  destroys  it  in  a  short  time.  The  filtration 
of  young  cultures  yields  very  little  pyocyanolysin  in  the  filtrate.  In 
old  cultures,  however,  a  considerable  amount  passes  into  the  filtrate. 
Whether  or  not  the  hemolytic  power  is  due  to  a  specific  bacterial 
product  or  is  dependent  upon  changes  in  the  culture  fluid,  such  as 
alkalinization,  etc.,  can  not  yet  be  regarded  as  certain. 

Gheorghiewski  *  claims  to  have  found  a  leucoc)i«-destroying  ferment 
in  pyocyaneus  cultures. 


>  Bidlock  und  Hunter,  Cent.  f.  Bakt.,  xxviii,  1900. 
*OkBorghiewtki,  Ann.  de  I'mst.  Pasteur,  xiii,  1899. 
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ASIATIC  CHOLERA  AND  THE  CHOLERA  0RC;ANISM 


{Spirillum  cholera:  amuticcr,  Cumtmi  BaciUus) 

The  organism  of  jVsiatic  cholera  was  unknown  until  18S3.  In  thu 
year,  Koch,"  at  the  head  of  a  commission  establisherl  by  the  German 
government  to  study  the  disease  m  Egypt  and  India,  discovered  the 
"comma  bsirilliis"  in  the  defecations  of  patients,  and  satisfactorily  de- 
termined its  etiological  significance. 

Koch's  investigations  were  carried  out  on  a  large  number  of  eases 
and  many  investigations  have  since  then  corroborate*!  his  results. 
The  numerous  moiphologically  sinn'hir  spirilla  which  were  later  found 
in  normal  individuals  and  in  connection  with  other  conditions,  have 
been  shown  by  accurate  bacteriological  methods  to  be  closely  related, 
but  not  identical. 

Apart  from  the  evidence  of  the  constant  association  of  the  cholera 
vibrio  with  the  disease,  the  etiological  relationship  has  been  clearly 
demonstrated  by  several  accurately  reconled  accitlental  infections  oc- 
curring in  bacteriological  workcra,  and  by  the  famous  experiment  of 
Pettenkofor  and  Eniinerich,  who  purposely  drank  water  containing 
cholera  bacilli.  Both  observers  became  seriously  ill  with  typical  clini- 
cal symptoms  of  cholera,  and  one  of  them  narrowly  escaped  death. 

Morphology  and  Staining. — The  vibrio  or  spirillum  of  cholera  is  a  small 
curved  rod,  varying  from  one  to  two  micra  in  length.  The  degree  of 
curvature  may  van,'  from  the  slightly  bent,  comma-like  form  to  a 
more  or  less  distinct  spiral  with  one  or  two  turns.  The  spirals  do  not 
lie  in  the  same  plane,  being  arranged  in  cork.screw  fashion  in  three 
dimensions.  The  spirillum  is  actively  motile  and  owes  its  motility 
to  a  single  polar  flagellum,  best  demonstrated  by  Van  Ermengem's 
flagella  stain.  Spores  are  not  found.  In  young  cultures  the  comma 
shapes  predominate,  in  older  gmwths  the  longer  forms  are  more  nu- 
merous.   Strains  which  have  been  cultivated  artificially  for  prolonged 
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periods  witliout  passage  throiigli  the  uiiiiiuil  liody  Imve  a  tendency  to 
lose  the  curve,  assuming  a  more  Ijat-illuH-like  appearauce.  The  spirilla 
are  stained  with  all  the  usual  aqueous  aniiin  dyes.  They  are  decolor- 
ized by  Gram's  methotl.  In  histological  section  they  are  less  easily 
stained,  but  may  be  demonstrated  by  staining  with  alkaline  metliylene 
blue. 

Cultivation. — The  cholera  spirillum  grows  easily  upon  all  the  usual 
cultui«  media,  thriving  upon  meat-extnict  as  well  as  upon  meat-infusion 


Fio.  126. — Cholera  Spirillfm.    ^After  FrAnkel  and  Pfeiffer.) 

media.  Moderate  alkalinity  of  the  media  is  preferable,  though  slight 
acidity  does  not  prevent  growth. 

In  ijelalin  plates  growth  ajjpears  at  room  tcniperatuic  within  twenty- 
four  hours  as  small,  strongly  refracting  yellowish-gray,  piii-liesul  colonies. 
As  growth  increases  the  gelatin  is  fluidified.  Under  magnification  these 
colonics  appear  coarsely  granular  with  margins  irregular  because  of 
the  liquefaction.  Liquefaction,  too,  causes  a  rapid  development  in 
such  colonies  of  separate  concentric  xones  of  varying  refractive  power. 
Old  strains,  artificially  cultivated  for  long  periods,  lose  much  of  their 
liquefying  power. 

In  geUitin  itUib  cultures  fluidification  begins  at  the  surface,  rapidly 
giving  rise  to  the  familiar  funncl-sha[>ed  excavation. 

Upon  agar  platts,  within  oighK'cii  to  twenty-four  hours,  grayish, 
Opalescent  colonies  appear,  wliich   are  easily  differentiated  by  their 
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transparency  from  the  other  bacteria  apt  to  appear  in  feces.  Agar 
plat«8,  therefore,  are  important  iin  the  isolation  of  these  organisms. 

Coagxdaled  blood  serum  is  fluidified  by  the  cholera  vibrio.  On 
potato,  growlli  is  profuse  and  appears  as  a  brownish  coarse  layer.  In 
7nilk,  growth  is  rapid  and  without  coagulation.  In  broth,  general 
clouding  and  the  formation  of  a  pellicle  result.  The  rapidity  and  luxuri- 
ance of  growth  of  the  cholera  spirillum  u|Km  olknline  prpton  mlutiimx 
render  such  solutions  pecuharly  useful  as  enriching  me<lia  in  isolating 
this  microorganism  from  the  stools  of  patients.  In  pepton  solution, 
too,  the  cliolera  spirillum  gives  rise  to  aliundant  iiidol,  demonstrated 
in  the  so-called  "  eholera-rwl "  reaction.  This  reaction  has  a  distinct 
diagnostic  value,  but  is  by  no  means  specific'  In  the  case  of  the  cholera 
vibrio  the  mere  addition  of  strong  suljjhuric  acid  suffices  to  bring  out 
the  color  reaction.  This  is  due  to  (he  fact  that,  unlike  some  other  indol- 
producing  bacteria,  the  cholera  organism  is  able  to  reduce  the  nitrates 
present  in  the  medium  to  nitrites,  thus  itself  finnishing  the  nitrite 
necessary  for  the  color  reaction.  The  medium  which  is  most  suitable 
for  this  test  is  that  projiosed  by  Dunham,'  consisting  of  a  solution 
of  1  pvT  cent  of  pure  pejiton  and  .,'i  per  cent  NaCl  in  water. 

Di('udonn<5'  has  reconunended  a  selective  mediimi  upon  which 
cholera  spirilla  will  grow  well,  but  upon  which  the  colon  bacillus  will 
grow  either  very  sparsely  or  not  at  all.  Its  preparation  is  vcrj-  simple. 
To  70  parts  of  ordinary  3  per  cent  agar,  neutralize<l  to  litmus,  there  are 
added  30  jmrts  of  a  sterile  mi.xture  of  defibrinated  beef  blood  and  normal 
sodium  hydrate. 

The  latter  is  sterilized  by  steam  before  being  added  to  the  agar. 
This  pure  alkali  agar  is  poured  out  in  plates  and  allowed  to  dry  several 
days  at  37°  or .")  minutes  at  G0°.  Tlie  material  to  be  examined  is  smeared 
upon  the  surface  of  tluve  plates  with  a  glass  rod. 

The  principle  of  this  mwlium  is  that  cholera  will  grow  in  the  presence 
of  an  amount  of  alkali  which  inhibits  othe-r  fecal  bacteria.  The  me<iiimi 
has  been  studied  by  Krumwicde,  Pratt,  and  Grund,*  who  have  recom- 
mended a  mollification.  They  find  the  following  combination  sat- 
isfactory and  an  improvement  ujMDn  Dieudonn<?'s  medium  becaus'? 
transparent  and  more  ea.sily  preparwl.  They  prepare  the  following 
mixtures: 


» See  indol  reaction,  p.  107.  »  Dunham,  Zeit.  f.  Hyg.,  ii,  1885. 

'Dieu4ontif,  A.,  Ci.'nl.ni\i.t.,  1.,  orig..  1909. 
' Krumwiede,  Pratt,  and  Orund,  Jour,  of  Inf.  Dis.,  x,  1912. 
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9ffg-White  Medium. 

A.  White  of  egg  and  water  a.a. 
Sodium  carbonat-e  cryst.  12  per  cent. 

Mix  in  equal  parts,  steatn  in  Arnold  sterilizer  for  20  minutes. 

B.  Meat  i)cp(on  3  per  cent  ajjar,  neutral  to  litmus. 

30  partfl  of  A  are  addod  to  70  parts  of  B. 

Another  modificatioa  recommended  by  them  is  as  follows: 

WhoU-Eyg  Medium. 

.\.    Whole  egg  and  water  a.a. 

Sodium  carbonat*  12  to  13.5  per  cent. 

Mix  in  equal  parts,  steam  for  20  tninutps. 

B.    Meat  free  agar,  viz.,  pepton,  salt,  and  3  per  cent  agar. 

30  parts  of  A  are  mixed  with  70  parts  of  U  while  the  agar  is  boiling  hot  as 
above. 

The  medium  is  pouretl  on  the  plates  in  a  thick  layer  and  allowed 
to  stand  open  for  20  to  30  minutes  and  then  the  inoculation  is  carried 
out  by  surface  streaking. 

Isolation. — Isolation  of  the  cholera  vibrio  from  the  feces,  while 
easy  in  many  cases,  is  occasionally  attended  with  some  difficulty 
owing  to  the  large  number  of  other  bacteria  present.  The  most 
satisfactory  method  of  procedure  is  to  inoculate  a  set  of  gelatin 
plates,  another  of  agar  plates,  and  a  number  of  Dunham's  pcpton- 
broth  tubes,  with  small  quantities  of  the  suspicious  material.  When 
the  spirilla  are  numerous  they  can  frefiu<'atly  be  fi.shed  directly  from  sus- 
j)icious  colonies  in  the  plates  and  isolatctl  for  further  identification. 
\\'hen  le-ss  numerous,  they  can  usually  be  found  in  relatively  incrciwed 
numbers  after  eight  or  ten  hours  at  37.5°  C.,  in  the  topmo.st  layers  of 
the  Dunham  broth,  which  is  an  almost  selectively  favorable  medium  for 
these  organisms.  They  collect  at  the  surface  where  free  oxygen  is 
readily  obtained.  From  the  pepton  broth,  plate  dilutions  can  then  be 
prepared  and  colonies  fished.'  Once  isolated,  the  spirilla  are  itlentified 
liy  their  morphoiogj',  by  the  appearance  of  their  colonies,  by  their 
manner  of  growth  upon  gelatin  stalis,  by  the  cholera-red  reaction, 
and,  finally,  by  agglutinative  and  bacteriolytic  tests  in  immune  sera. 
Owing  to  the  existence  of  other  spirilla  morphologically  and  cultu- 
rally similar,  the  serum  reactions  are  the  only  absolutely  positive  dif- 
ferential criteria. 

'  AM  und  Clauttcn,  Cent.  f.  Bukt.,  xvii,  1895. 
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For  isolation  of  the  bacteria  from  water,  it  is,  of  course,  necessary 
to  use  comparatively  large  quantities.  Fliigge  '  and  Bitter  advise  the 
distribution  of  about  a  liter  of  water  in  ton  or  twelve  Erlenmeyer  fladcs. 
To  each  of  these  they  add  10  c.c.  of  sterile  pepton-salt  solution  Cpopton 
ten  per  cent,  NaCl  five  per  cent).  After  eighteen  liours  at  37.5°  C.  the 
surface  growths  in  these  flasks  are  examined  both  microscopically  and 
culturally  a.s  before. 

Biological  Considerations. — The  cholera  spirillum  \a  aerobic  and 
facultatively  anaerobic.  It  does  not  form  spores.  The  optimum  tem- 
perature for  its  growth  is  about  37.5°  C.  It  grows  easily,  however,  at  a 
temperature  of  22°  C  and  does  not  cease  to  grow  at  temperatures  as 
high  as  40°.  Frozen  in  ice,  these  bacteria  may  live  for  about  three 
or  four  days.     Boiling  destroj-s  them  immediately.    A  temperature  of 
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Flo.  127. 


Fig.  128. 


Flo.  127. — Cholera  Spirilldm.    Stab  Culture  in  Gelatin,  three  days  old. 
Fig.  128. — Cholera  Spirillum.    Stab  Culture  io  C^elutin,  six  days  old.     (After 
Friinkel  and  Pfeiffer.J 

60°  C.  kills  them  in  an  hour.  In  impure  water,  in  moi»t  linen,  and  in 
food  stuffs,  thej'  may  live  for  many  days.  Associated  with  sapro- 
phytes in  feces  and  other  putrefying  material,  and  wherever  active 
acid  formation  is  taking  i)lace,  they  are  destroyed  within  several  days. 
Complete  drying  kills  them  in  a  short  time.  The  common  disin- 
fectants destroy  them  in  weak  solutions  anil  after  short  exposures 
(carbolic  acid,  five-tenths  per  cent  in  one-half  hour;  bichlorid  of 
mercury,  1  :  100,000  in  ten  minutes;  mineral  acids,  1  :  5,000  or  10,000 
in  a  few  minutes).' 

Pathogenicity. — Cholera  i.'^  essentially  a  disease  of  man.  Endemic  in 
India  and  other  Eastern  countries,  it  ha.s  from  time  to  time  epidemically 
invaded  large  territories  of  Europe  and  .\sia,  not  infrequently  assuming 

>  Plugge,  Zeit.  f.  Hyg.,  xiv,  1893. 
•  Fonler,  Hyg.  Rundschau,  1893. 
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dfinic  proportions  and  sweeping  over  almost  the  entire  earth.'  Five 
separate  cholera  epidemics  of  appalling  magnitude  occurred  during 
the  ninfteenth  ccnturj'  alone;  several  of  these,  spreading  from  Inciia  to 
Asia  Minor,  Kg>'pt,  Russia,  and  the  countries  of  Central  Europe,  reached 
even  to  North  and  South  ^Vmerica.  The  last  great  epidemic  began  about 
1883,  traveled  gradually  westward.  an<l  in  1892  reached  (iermany  where 
it  appeared  with  especial  vinilence  in  Hamburg,  and  thence,  fol- 
lowing the  highways  of  ocean  commerce,  entered  America  and  Africa. 
During  this  epidemic  in  Russia  alone  800,000  people  fell  victims  to  the 
disease. 

In  man  the  disease  is  contracted  by  ingestion  of  cholera  organisms 
with  water,  food,  or  any  conlaniinatod  material.  The  disease  is  essen- 
tially an  intestinal  one.  The  bacteria,  very  sensitive  to  an  acid  reaction, 
may  often,  if  in  small  numbers,  be  checked  by  the  normal  gastric  secre- 
tions. Having  once  pa.s.sed  into  the  intestine,  however,  they  proliferate 
rapidly',  often  completely  outgrowing  the  normal  intestinal  flora.  Fatal 
cases,  at  autopsy,  show  extreme  congestion  of  the  intestinal  walls. 
Occasionally  ecchymosis  and  localized  necrosis  of  the  mucosa  may  be 
present  and  swelling  of  the  solitary  lymph-follicles  and  Pcycr's 
patches.  Microscopically  the  cholera  spirilla  may  be  seen  to  have 
IK'netrated  the  mucosa  and  to  lie  within  its  deepest  layers  close 
t«  the  submucasa.  The  most  marked  changes  usuallj^  take  place 
in  the  lower  half  of  the  small  intestine.  The  intestines  are  filled 
with  the  characteristically  fluid,  slightly  bloody,  or  "rice-water" 
stools,  from  which  often  pure  cultures  uf  the  cholera  vibrio  can 
be  gro«Ti.  The  microorganisms  can  be  cultivated  only  from  the 
intestines  and  their  contents,  and  the  parenchymatous  degenera- 
tions taking  place  in  other  organs  must  be  interpreted  as  being 
purely  of  toxic  origin. 

In  animals,  cholera  never  appears  a.s  a  spontaneous  disease.  Nikatl 
and  Riet.scfi  -  have  succeeded  in  i>roducing  a  fatal  disease  in  guinea-pigs 
by  opening  the  peritoneum  and  injecting  cholera  spirilla  directly  into 
the  duodenum.  Koch  ''  succeeded  in  producing  a  fatal  cholera-like 
disease  in  animals  by  introducing  infected  water  into  the  stomach 
through  a  catheter  after  neutralization  of  the  gastric  juice  with  sodium 
carbonate.  At  the  same  time,  he  administered  opium  to  prevent  active 
[M^ristalsis.     A  methoti  of  infection  more  closely  analogous  to  the  infec- 

'  Hinrh,  "Handb.  d.  histor.-geogr.  Path.,"  1881. 
' Nikal,  iin.1  h'iil.-«h,  Di-ut.  med.  Woch.,  1884. 
» Koch,  Deul.  lued.  Woch.,  1885. 
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tioH  in  man  was  followed  by  Metchnikoflf,'  who  successfully  protiuced 
fatal  disease  in  young  suckling  rabliits  by  contaminating  the  maternal 
teat. 

Subcutaneous  inoculation  of  moderate  quantities  of  cholera  spirilla 
into  rabbits  and  guinea-pigs  rarely  produces  more  than  a  tempcjrary 
illness.  lutraperitom-al  inoculation,  if  in  proixT  quantities,  generally 
leads  to  death.  It  will  be  remembered  that  when  working  with  intra- 
peritoneal cholera  inoculations  the  phenomenon  of  bacteriolysis  was 
discoven'd  by  Pfeiffer." 

Different  strains  of  cholera  .spirilla  vary  greatly  in  their  virulence. 
The  virulence  of  most  of  them,  however,  can  be  enhanced  by  repeated 
passages  through  animals.  Mast  of  our  domestic  animals  enjoy  consid- 
erable resistance  against  cholera  infection,  though  under  experimental  > 
conditions  succes-sful  inoculations  upon  dogs,  cats,  and  mice  have  been 
re]>orh'(l.     Doves  are  entirely  in.su.sceptible.' 

Hygienic  Considerations. — The  cholera  spirillum  leaves  the  Ixwly  of 
the  infected  subject  with  the  defecations  only.  Infection  takes  place, 
so  far  as  we  know,  onlj"  by  way  of  the  mouth.  From  these  two  facts  it 
follows  that  the  cliief  source  of  danger  for  a  community  lies  in  infection 
of  its  water  supply.  As  a  matter  of  fact  the  bacteria  have  been  fre- 
quently found  in  the  wells,  lakes,  rivers,  and  harbors  of  affli<'ted  terri- 
tories, and  in  several  cases  it  has  been  p<xssible  to  define  the  limits  of 
an  epidemic  almost  precisely  by  the  distribution  of  the  contaminated 
water  supply.  A  classic  example  of  this  is  that  of  the  Hamburg  epi- 
demic, during  which  Altona,  a  town  tin  close  to  Hamburg  as  Brookljii 
is  to  New  York,  with  unrestricteii  int<'rurl)an  traffic  but  with  separate 
water  supply,  was  almo.st  spared,  while  Haniinirg  itself  wjis  undergoing 
one  of  the  most  virulent  epidemics  of  its  history.  It  has  been  statistically 
notetl,  moreover,  chiefly  by  Koch,  that  cholera  in  its  spread  not  infre- 
quently follows  the  watej-  courses.  Apart  from  infection  through  the 
water  supply,  cholera  may  be  traasmittetl  directly  or  indirectly  by  con- 
tact with  contaminate<i  linen,  lx»dclothes,"etc.,  the  organism  being  con- 
veyed to  the  mouth  by  the  fingers,  or  by  infeete<l  food.  Epidemics  due 
to  this  mode  of  infection  alone,  however,  are  apt  to  be  more  narrowly 
localized  and  more  sporadic  in  their  manifestations.  It  is  prol>able  that 
this  modeof  infection  is  of  great  importance  in  countries  where  thedisease 


1  MOchnikoff,  Ann.  d.  I'inst.  Pasteur,  1894  and  1896. 

•  PJeiffrr,  loc.  cit. 

*  Pfeiffer  und  Nockt,  Zeit.  f.  Uyg.,  vii,  1889. 
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is  endemic,  but  its  significance  in  producing  ppidcmics  is  limited  owing  to 
the  fortunately  low  resistance  of  the  sjtirillum  to  desiccation.  The 
sudden  appearance  of  cholera  in  a  place  far  distant  from  the  seat  of  a 
prevalent  epidemic  may  Ix'  explained  by  the  occtisional  presence  of 
cholera  spirilla  in  the  dejecta  of  convalescents  as  late  as  two  or  three 
weeks  after  apparent  recovery  from  the  disease  and  consequent  release 
from  quarantine. 

Cholera  Toxin. — The  absence  of  the  cholera  spirilla  from  the  in- 
ternal organs  of  fatal  cases,  in  spite  of  the  severe  general  sjinptoms 
of  the  disease,  points  distinctly  to  the  existence  of  a  strong  poison  pro- 
duced in  the  intestine  by  the  microorganisms  and  ahsorln'tl  by  the 
patient.  It  was  in  this  sense,  intleed,  that  Koch  first  interpreted  the 
cUnical  picture  of  cholera.  Numerous  investigations  into  the  nature  of 
these  toxins  have  been  made,  the  earlier  ones  defective  in  that  definite 
identification  of  the  cultures  u.*«cd  for  experimentation  were  not  carried 
out. 

Pfeiffer,'  in  1892,  was  able  to  show  that  filtrates  of  young  bouillon 
cultures  of  cholera  spirilla  were  but  slightly  toxic,  wherea.s  the  dead 
bodies  of  carefully  killed  agar  cultures  were  fatal  to  guinea-pigs  even  in 
small  quantities.  In  consequence,  he  regarded  the  cholera  poison  lus 
consisting  chiefly  of  an  endotoxin.-  The  opinion  as  to  the  eudotoxic 
nature  of  the  cholera  poison  is  not,  however,  shared  by  all  workers. 
Metchnikoff,  Roux,  and  Salinibeni,'  in  189G,  succeeded  in  producing 
death  in  guinea-pigs  by  introduction  into  their  peritoneal  cavities  of 
cholera  cultures  enclosed  in  celloidin  sacs.  Brau  and  Denier,*  and, 
more  recently,  Kraus,''  claim  that  they  have  succee<led  not  only  in 
demonstrating  a  soluble  toxin  in  alkaline  broth  cultures  of  cholera 
spirilla,  but  in  producing  true  antitoxins  by  inununizafion  with  such 
cultures.  It  a]ipears,  therefore,  that  the  poisonoas  action  of  the  cholera 
organisms  may  dei>end  both  upon  the  formation  of  true  secretorj'  toxins 
and  upon  endotoxins.  Wjiich  of  these  is  paramount  in  the  produc- 
tion of  the  disease  can  not  \ye.  at  present  definitely  statetl.  In  favor 
of  the  great  importance  of  the  endotoxic  elements  is  the  failure, 
thus  far,  to  obtain  successful  thcraj>eutic  results  \vith  supposedly 
antitoxic  sera. 


'  Pfeiffer,  Zeit.  f.  Ilyg.,  xi,  1802. 

*  I'frifftr  uiid  WiiHKeTinonu,  Zcit.  f.  Hyg.,  xiv,  1893. 

'  Metchnikoff,  Roiix,  et  Snhinfteni,  .\nn.  de  I'inst.  Pasteur,  1896. 

*  Brau  et  Denuy,  Cornptes  rend,  de  I'acad.  dcs  sci.,  1906. 
» R.  Krauv,  Cent.  f.  Bakt.,  1»06. 
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Cholera  Immunization. — One  attack  of  cholera  confers  protection 
against  subsequent  infection.  Active  immunization  of  animals  may 
be  accomplished  by  inoculation  of  dead  cultures,  or  of  small  doMes  of 
living  bacteria.  In  the  serum  of  immunized  animals  six-cific  bacterio- 
lytic and  agglutinating  substances  are  found.  The  discovery  of  bact<>- 
rioiytic  immune  IxHiies,  in  fact,  was  made  by  means  of  cholera  spirilla. 
Both  the  bactcriolysins  and  the  agglutinins,  becau.se  of  their  specificity, 
are  of  great  importance  in  making  a  bacteriological  diagnosis  of  true 
cholera  organisms. 

Protective  inoculation  of  man  ha«  been  variously  attempted  by 
Ferran  '  and  others.  K\p<Timents  on  a  large  scale  were  done,  more  re- 
cently, by  Haffkine,"  who  succredetl  in  prtxlucing  an  apparently  dis- 
tinct prophylactic  immunizatiou  by  the  subcutaneous  inoculation  of 
dead  cholera  cultures.  Similar  immunization  with  bacterial  filtrates 
has  been  att*mptt"d  by  BiTtamlli.'  Strong  recommends  immunization 
with  filtrates  from  autolyzed  cultures. 


CHOLERA-LIKE  SPIRILLA 


tion   M 


The  biological  group  of  the  vibrioues,  to  which  the  cholera  spirillum 
belongs,  is  a  large  one,  numbering  probably  over  a  hundred  sepjuTite 
species.  Most  of  these  are  of  bacteriological  importance  chiefiy  because 
of  the  difficulties  which  they  add  to  the  task  of  differentiation  for  while 
some  of  them  simply  l>ear  a  morphological  resemblance  to  the  true 
cholera  vibrio,  others  can  be  distinguished  only  by  their  serum  reac- 
tions and  pathogenicitj-  for  various  animals.  Additional  difficulty, 
too,  is  contributed  by  the  fact  that  within  the  group  of  true  cholera 
organisms  occasional  variations  in  agglutinability  and  bacteriolytic 
reactions  may  exist.  Certain  strains,  too,  the  six  El  Tor  cultures 
isolated  by  Gottschlich,  while  in  every  respect  similar  to  true  cholera 
spirilla,  are  considered  as  a  separate  sub-species  by  Kraus,*  because  of 
their  ability  to  produce  hemolytic  substances,  a  function  lacking  in 
other  cholera  strains. 

Spirillum  Metchnikori. — This  spirillum  was  discovered  by  Gamaleia ' 
in  the  feces  and  blooil  of  domestic  fowl,  in  which  it  had  causctl  an  in- 
testinal disease.    Morphologically  and  in  staining  reactions  it  is  identical 

'  Ferran,  Comptes  rend,  ile  runtd.  des  scicnna,  188.5. 

»  Haffkine,  Bull.  m6d.,  1892.  '  lirrUtrMi,  Doul.  m«l.  W'och.,  33,  1904. 

*  Kraut,  KrauN  and  I^evaditi,  "HiUHlbuch,"  vul.  i,  p.  186. 

*  (JaiiuiU-M,  .\nu.  dc  I'inst.  PiLslcur,  18S3. 
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with  Spirillum  cholerae  asiaticae,  It  possesses  a  single  polar  flagellum, 
and  is  actively  motile.  Culturally  it  is  identical  with  Vibrio  cholerse 
except  for  slightly  more  luxuriant  growth  and  more  rapid  fluidification 
of  gelatin.     It  gives  the  cho!era-red  reaction  in  pepton  nietliji. 

It  is  differentiat<>d  from  the  cholera  vibrio  by  its  power  to  produce 
a  rapidly  fatal  septicemia  in  pigeons  after  subcutaneous  inoculation  of 
minute  quantities.'  It  is  much  more  pathogenic  for  guinca-i>igs  than 
the  cholera  vibrio.  It  is  not  subject  to  lysis  or  agglutinated  by  cholera 
immune  sera. 

Spirilluzn  Maesaua. — This  organism  was  isolated  at  Massaua  by 
Pasquale  '  in  1891  from  the  feces  of  a  clinically  doubtful  case  of  cholera. 
Culturally  and  morphologically  it  is  much  like  the  true  cholera  vibrio, 
but  in  pathogenicity  is  cU»ser  to  Spirillum  Metchnikovi,  in  that  small 
quantities  produce  septicemia  in  birds.  It  poesesses  four  flagella. 
It  does  not  give  a  specific  serum  reaction  with  cholera  immune 
senmi. 

Spirillum  of  Finkler-Prior.' — Isolated  by  Finkler  and  Prior  from  the 
feces  of  a  case  of  cholera  nostras.  Morphologically  it  is  like  the  true 
cholera  spirillimi,  though  slightlj'  larger  and  leas  uniformly  curvetl. 
Culturally  it  is  much  like  the  cholera  vibrio,  but  grows  more  rapidly 
and  thickly  upon  the  usual  mcflia.  It  ilocs  not  give  the  cholera-red 
reaction,  nor  does  it  give  specific  scrum  reactions  with  cholera  im- 
mune serum. 

Spirillum  Deneke,* — A  vibrio  isolated  by  Dencke  from  butter.  Much 
like  that  of  Finklcr-Prior,     It  does  not  give  the  cholera-red  reaction. 


'  FJeiffcT  und  NocM,  Zeit.  f.  Hyg.,  vii,  1889. 

*  PnaqiutU-,  Giom.  raed.  dc  r.  cserc.  ed.  R.  Marina,  Roma,  1891. 
*FinklfT  und  Prior,  Ergiinz.  Hefte,  Cent.  f.  allg.  gea.  Phys.,  1884. 

*  Dencke,  Deut.  med.  Woch.,  iii,  1885. 
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DISEASES   CAUSED    BY   SriROCH.ETES  (THEPOXEMATA) 

The.  microorganKms  known  as  spirochietes  are  slender,  undulating, 
rorkscrcvv-likc  throsid.s  whicli  show  definite  variations  both  structurally 
and  culturally  from  the  bacteria  as  a  class.  Most  important  aniong 
them  arc  the  spirochete  of  relapsing  fever,  Spirochete  pallida  of 
syphilis,  the  spirillum  of  \'inct'nt,  Sjjirocha^tc  refringens,  Spirillum 
gulliiiarum,  a  microorganism  whicii  causes  disease  in  chickens, 
8pirocha;te  anseriua,  which  causes  a  similar  condition  in  geese,  and 
several  species  which  have  been  found  as  parasites,  both  in  animals 
and  in  man,  without  having  definite  etiological  conncctic^n  with  iliscitse. 

The  classification  of  these  various  species  in  one  group  is  rather  moro 
a  matter  of  ccnveuiencc  than  one  of  scientific  accuracy,  since  our  knowi- 
cflge  of  them  is  not  far  advanced,  and  our  inability  to  cultivate  almost 
all  of  them  has  not  permitted  their  detailed  biological  study.  Formerly 
many  of  these  organisms  were  regarded  aa  bacteria  belonging  to  the  gen- 
eral group  of  the  spirilla.  Recently  Schaudinn,'  the  discoverer  of  the 
syphilis  spiroch£ete,ha3  claimed,  upon  the  basis  of  a  careful  raor^)hological 
study,  that  many  of  these  fonns  are  actually  protozoa.  Ho  ba-s^-d  this 
claim  upon  the  observation  that  staineii  preparations  often  showed  undu- 
lating membranes  extending  along  the  long  axis  of  the  microorganisms 
and  that  itcRuite  nuclear  structures  were  demonstrable.  This  observer 
al.so  claimetl  that  many  of  the  spiral  fonns  reproduce  by  cleavage  along 
the  longitudinal  axis.  Other  observers  have  not  agrectl  with  this  view, 
Laveran,'  Xovy  and  Ivhapp,'  and  others  as.serting  that  their  own  ol)eer- 
vations  indicate  a  close  relationship  of  these  microorganisms  to  the  tnie 
bacteria.  Whatever  the  final  conclusion  may  bo,  the  question  is  more 
or  leas  an  academic  one,  in  that  our  ideas  as  (o  the  exact  line  of  division 
between  the  unicellular  animals  and  the  unie<"lhilar  plants  is  not  by  any 
means  founded  upon  a  sound  basis.     In  common  with  the  bacteria,  most 
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>  Sehaudtnn,  Arh.  n.  d.  kais.  Gpsundheitsamt,  1904. 
*LavtTan,  Complcs  rcinl.  (ie  raca<l.  ilpssci.,  1902  and  1903. 
■  Novy  and  Knapp,  Jour,  of  Infec.  DU.,  3, 1906. 
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of  these  microorganisms  have  the  power  of  multiplication  by  transverse 
ission.  They  possess  flagella  an<l,  in  the  case  of  some  of  them  at  least, 
definite  immune  bodies  can  be  flcmunstrated  in  the  serum  of  infected 
Ktibjects  similar  to  those  produced  by  bacteria  during  infection.  The 
undulating  memliranes  and  tlie  definib.^  dilTerentiatiun  Ijetween  imcleus 
and  cytoplasm  claimed  for  them  by  some  observers  have  not  been  uni- 
formly confirmed,  and  their  similarity  to  the  trypanosomes  has  not 
therefore  Ijoen  established.  On  the  other  hand,  none  of  these  micro- 
organisms has  so  far  been  successfully  cultivated  upon  artificial  media, 
with  the  exception  of  the  spirilla  which  occur  in  Vincent's  angina.  For 
Home  of  the  diseas<^s  cau.sed  by  this  cituss  of  ptirasites,  moreover,  trans- 
mission by  an  intermediate  host,  in  which  the  spirilla  undergo  multipli- 
cation, has  been  definitely  shown,  a  fact  which  corresponds  with  the 
conditions  observed  in  many  protozoan  infections.  Upon  a  careful  re- 
view of  these  various  data,  it  seems  to  Ix'  fully  justified,  on  th«'  basis 
of  our  present  knowledge,  to  group  these  microorganisms,  as  Kolle  and 
Helsch '  have  done,  in  a  chuss  lietween  bacteria  and  protozoa. 

The  terms  spirocha^te  and  spirillum  have  been  iniliscriminately  u.sed. 
In  the  original  chissification  of  Migula  the  difference  between  the  two 
groups  was  liascd  upon  the  rigiihty  of  tlie  cell  body  in  the  Ciise  of  the 
spirilla  and  the  sinuous  or  flexible  nature  of  the  cell  in  the  case  of  the 
sjjirocha-ta'.  Although  the  term  spirillum  is  still  colloquially  used  for 
some  members  of  this  group,  merely  because  of  pa-st  usage,  it  would  be 
better  to  speak  of  all  the  microorganisms  here  grouped  together  by  the 
term  ".spirochaites." 


SYPHILIS  AND  SPIROCHJETA  PALLIDA 

(Treponema  pallidum] 

The  peculiar  manifestations  of  syphilis,  its  mode  of  transmission, 
and  the  fact  that  its  primary  lesion  was  always  located  at  the  point 
of  contact  with  a  i>receding  case,  have  always  stamjjed  it  as  unques- 
tionably infectious  in  nature.  Until  very  recently  the  microorgan- 
ism which  gives  ri.se  to  syphilis  was  unknown.  Many  bacteriologists 
had  attacked  the  problem  and  many  microorganisms  for  which  defi- 
nite etiological  importance  was  claimed  had  been  described.  Most  of 
these  announcements,  however,  aroused  little  more  than  a  sensational 
interest  and  received  no  .satisfactory  confirmation.     A  bacillus  described 


'  Kolle  und  lleUch,  "Die  expcriinentcUe  Bakt.,"  Berlin,  1906. 
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by  Liistgarten  '  in  1884  seemed,  for  a  time,  to  have  solved  the  mjrstery. 
The  Lustgarten  bacillus  was  an  acid-fast  organism  very  similar  to 
H:icitl»s  tuberculosis,  and  found  by  its  discoverer  in  a  larjic  num- 
ber of  syphilitic  lesions.  The  observation,  at  first,  aroused  much  iut«-rcst 
and  received  some  confirmation.  Later  extensive  investigationij,  how- 
ever, failed  to  uphold  the  etiological  relationshij)  of  this  bacillus  to  the 
disease  and  practically  identified  it  with  the  smegma  bacillus,  so  often 
a  saprophyte  upon  the  mucous  membranes  of  the  normal  genitals. 

In  HXin,  Schnuilinn,*  a  Gertnaii  zoologist,  working  in  collalxjration 
with  Hoffmtuui,  investigated  a  number  of  primary  sjijhilitic  indunitioas 
and  seconflarily  enlarged  Ij-mph  nodes,  and  in  both  lesions  discovere<l  a 
spirochaete  similar  to,  but  easily  distinguished  from,  the  spirochsett's 


Fio.   129. — Spihocb^gta  paixida.    Smear  preparation  from  chancre  stained 
by  the  india-ink  method. 


already  known.     He  failed  to  find  similar  microorganisms  in  uninfected 
human  beings. 

The  microorganism  described  by  him  as  "Spirochaeta  pallida"  is  an 
extremely  delicate  undulating  filament  measuring  from  four  to  ten  micra 
in  length,  with  an  average  of  seven  micra,  and  varying  in  thickness  from 
an  imraea-surable  delicacy  to  alx)Ut  0.5  of  a  micron.  It  is  thus  distinctly 
smaller  and  more  delicate  than  the  spiruchaite  of  relapsing  fever.  Ex- 
amined in  fresh  preparations  it  is  distinctly  motile,  its  movements  con- 
sisting in  a  rotation  al)out  the  long  axis,  gliding  movements  backward 
and  forward,  and,  occasionally,  a  liending  of  the  whole  Ixnly.  Its  con- 
volutions, as  counted  by  Schaudinn,  vary  from  3  to  12  and  differ  from 
thase  ol>served  in  many  other  spirocha^ti-s  by  being  extremely  steeii,  or, 
in  other  words,  by  forming  acute,  rather  than  obtuse,  angles.  Tlie  ends 
of  the  microoi^ganism  are  delicately  tapering  and  come  to  a  point.     In 

'  Luslgaririi,  Wicn.  mtsj.  Woch.,  xx.xiv,  1.S84. 

'Schaudinn  und  Hoffmann,  Arb.  a.  d.  kais.  Gcsiindheitsauil,  22,  1905. 
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lis  first  inve-stigations,  Schaudinn  wa*;  unablo  tn  discovor  flagflla  Hnd 
[iR'lievtd  that  he  saw  a  marginal  undulating  membrane  similar  to  that 
noticed  in  the  trypanosomes.  Later  observations  by  this  observer,  as 
cell  as  by  others,  revealed  a  delicate  flngellum  at  each  end,  but  left  the 
fexistence  of  an  undulating  membrane  in  doubt.  Uncertain,  in  his  later 
investigations,  whether  the  microorganisms  described  by  him  could 
srientifii'iiUy  b<'  chissified  with  the  si»irocliiete  proper,  Schaudinn  sug- 
gested the  name  of  "  Trrimwimi  palliditm." 

In  the  same  preparations  in  w^hich  Spirochteta  pallida  was  first 
seen,  other  spirochapte.s  were  present,  which  were  easily  distinguished 
from  the  former  by  their  coarser  contours,  their  flatter  and  fewer  untkda- 
tions,  their  more  highly  refractile  cell  bodies,  and,  in  stained  prepara- 
tions, their  deeper  color.  These  microorgam.«m.s  were  not  found 
regularly,  and  were  interpreteil  merely  as  fortuitous  and  unimportant 
companions.  To  them  Schaudinn  gave  the  name  of  "Spirochteta  re- 
fringens." 

The  epoch-making  discovery  of  Schaudinn  and  Hoffmann  was  soon 
confirmetl  by  many  observers,  and  the  etiological  relationship  of  Spiro- 
chseta  pallida  to  syphilis  may  now  be  regarded  as  an  acceptetl  fact. 
Although  our  inability  to  cultivate  the  microorganism  has  made  it 
impossible  to  carry  out  Koch's  postulates,  nevertheless  indirect  evi- 
.dcnce  of  such  a  convincing  nature  has  accumulated  that  no  reasonable 
doubt  as  to  its  caustive  importance  can  be  retained.  The  spirochsetes 
have  been  found  constantly  present  in  the  primary  and  secondary 
lesions  of  all  carefully  investigated  ca.ses,  and,  so  far,  have  invariably 
been  absent  in  subjects  not  afflicted  with  syphilis. 

Schaudinn  liimself,  not  long  after  his  original  conwnunication,  was 
able  to  reiwrt  seventy  ca.ses  of  primary  and  secondary  syphilis  in  which 
these  microorganisms  were  found.  Spitzer '  found  them  constantly 
present  in  a  large  number  of  similar  cases,  Sobernheim  and  Tomas- 
czewski*  found  the  spirocba'tes  in  fifty  ca.ses  of  primary  and  secondary 
syphilis,  but  failed  to  find  them  in  eight  tertiary  cases.  Mulzer,'  who 
found  the  microorganisms  invariablj'  in  twenty  cases  of  clinical  syphilis, 
failed  to  find  them  in  fifty-six  carefully  investigated  non-syphilitic  sub- 
jects. The  voluminous  confirmatory  literature  which  has  accumulated 
upon  the  subject  can  not  here  be  reviewed.  The  presence  of  these 
spirochjetes  in  the  blood  at  certain  stages  of  the  disease  has  been  demon- 

'  SpUzer,  Wien.  klin.  Woch.,  1005. 

*  Sobernheim  und  Tomasczantki,  MUneh.  med.  Woch.,   1905. 

'MvUer,  Berl.  klin.  Woch.,  1905,  and  Archiv  f.  Dcrmat.  u.  Syph.,  79,  1906. 
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strated  by  Bandi  and  Simonelii*^  who  found  them  in  the  blood  taken 
from  the  roseola  8pot,s,  and  dy  Lt-vaditi  and  Petresco-  wiio  found  them 
in  the  fluid  of  blisters  produeed  up<jn  the  skin. 

lu  tertiary  lesions  the  spirochietes  have  been  found  less  regularly 
than  in  the  primar.v  and  seeondurj'  lesions,  but  positive  e\idenee  of  their 
presence  has  been  brought  by  Toniasczewski,'  Ewing,*  and  others  wlio 
succeeded  in  demonstrating  them  in  gummata.  Noguehi  and  Moore ' 
have  recently  found  the  i^pirocha'ta  pallida  in  the  brain  of  patients  dead 
of  general  paresis. 

In  congenital  syphilis,  many  observers  have  found  Spirorha?ta 
pallida  in  the  lungs,  liver,  spleen,  pancreas,  and  kidneys,  and,  in  isolated 
ca-scs,  in  the  heart  muscle.  The  organisms  were  always  jiresent  in  large 
numbers  and  practically  in  pure  culture.  These  results  more  than  any 
others  seem  to' furnish  positive  proof  of  the  etiological  relationship  be- 
tween the  spirocha^te  and  the  disease. 

Demonatration  of  Treponema  palUdum. — In  the  living  state  the 
snirocluetes  have  been  obser\'ed  in  the  hanging  <lrop  or  under  a  eover- 
slip  rimmfKl  with  va><eline.  It  is  extremely  imixtrtant.  in  i)rcparing  such 
spr-cimens  from  primary  lesions  or  from  lymph  glainls,  to  obtain  the 
material  from  the  deeix-r  tissues,  and  thus  as  uncoutaniinated  as  po.s.sible 
by  the  secondary  inffcling  agents  present  uikjii  the  surface  of  an  ulcer, 
and  also  as  free  from  blood  as  jjos^^ible.  An  ordinary  microscope 
and  conden.ser  may  be  used,  provid<d  that  the  light  is  cut  down  con- 
sideralily  by  means  of  the  iris  diaphragm.  This  methotl  is,  however, 
difficult  and  uncertain.  It  is  better  to  employ  a  special  device  known 
as  a  "condenser  for  »lark-field  illumination"  (Dunkel-KamnKT- 
Beleuchtung).  This  ajiparatus  is  screwed  into  the  place  of  the  Ablw 
condenser.  The  preparation  is  made  uiwn  a  slide  and  wavered  with  a 
cover-slip  as  usual.  A  drop  of  oil  is  then  placed  upon  the  upper  sur- 
face of  the  dark  chamJuT  and  the  slitle  laid  ujwn  it  so  tliat  an  even 
layer  of  oil,  without  air-bubbles,  intervenes  between  the  top  of  the  dixrk 
chamber  and  the  bottom  of  the  slide.  The  preparation  is  then  l*st 
examined  with  a  high-jxjwer  dry  lens.  An  arc  light  fiu-nishes  the  most 
favorable  illumination.     In  such  preparations  the  highly  refractive  cell- 


'  Batidi  und  SitrumeUi,  Cent.  f.  Bakt,,  40,  1905. 

•  LevadUi  ct  Peiresco,  Presse  in^d.,   1905. 

•  Tomascteu'M,  Miinch.  med.  Woch.,  1900. 

•  Euittg,  Proc.  N.  Y.  Path.  8oc.,  N.  8.,  5,  1905, 

'  Nfvchi  and  Moore,  Jour.  Exp.  Med.,  xrii,  1013. 
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bodips  stand  out  against  tlie  black  background,  and  the  motility  of  the 
organisms  may  be  observed.' 

The  dark-fielil  condenser  is  without  question  the  easiest  method  of 
finding  the  Spirochajta  pallida.  Itn  use  is  ejisily  Icjirned  and  the  appani- 
tus  i.s  sufficiently  cheap  so  that  it  lenils  it.self  to  the  use  of  the  clinic  and 
the  office.  With  very  little  practice  it  is  possible  to  detect  the  spiro- 
chsete  in  suspension  if  care  is  taken  that  not  too  much  blooil  or  other 
solid  particles  are  nii.xed  with  the  preparation.  Should  it  be  impo8si])le 
to  obtain  the  material  scrapeil  from  syphilitic  lesions  in  a  sufficiently 
dilutt'  condition  it  is  best  to  emulsify  it  in  a  drop  or  two  of  limuan 
ascitic  fluid. 

ExAMiNAiioN  IN  Smears. — The  Spirochjpta  pallida  can  not  be 
stained  with  the  weaker  anilin  dj'cs,  and  even  more  poworfid  dyes,  such 
as  carlwl-fuchsin  and  gentian-violet,  give  but  a  pale  and  unsatisfactory 
preparation.  The  staining  method  most  commonly  usf>ii  is  the  one 
originally  recommended  by  Schautlinn  and  Hoffmann.  This  depends 
upon  the  use  of  Giemsa's  azur-eosin  stain  employed  in  various  modi- 
fications. The  most  satisfactory  method  of  applying  this  solution  is 
as  follows: 

Make  smears  upon  slides  or  cover-slips,  if  possible  from  the  depth  of  the 
lesions,  aa  free  as  pos.sil)le  from  blood. 

Fix  in  methyl  alcoliol  for  tea  to  twenty  minutes  and  dry. 

Cover  the  preparation  with  a  solution  freshly  prepared  as  follows: 

Distilled  water 10  c.c. 

Potassium  carbonate  1  : 1,000 5-10  gtt. 

Add  to  this: 

Giemsa's  solution  (/flr  Romanowski  Fcirbung) 10-12  gtt. 

This  staining  fluid  is  left  on  for  one  to  four  hours,  preferably  in  a  moist 
chamber.    Wash  in  running  water.     Riot. 

By  this  method  Spirot>h8eta  pallida  is  stained  characteristically  with 
a  violet  or  reddish  tinge. 

A  rapid  and  convenient  method  for  staining  such  smears  consists  in 
the  use  of  azur  I  and  eosin  in  aqueous  .solutions  as  recommended  by 
Wood  (.see  section  on  Staining,  page  lO'J).  The  smears  are  fixed  in 
methyl  alcohol  as  before  and  are  then  flooded  -with  the  azur  I  solution. 
The  eosin  solution  is  then  dropped  on  the  preparation  until  an  iridescent 

'  For  B  critical  sumnmry  of  the  various  methoils  of  dark-fit-M  iliuiiYiimtion,  the 
reader  is  referred  to  an  article  by  Siedenlopf,  Zcit.  f.  wiss.  Mikrosov,  xxv,  1908. 
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pcUkle  boRins  to  fonn.    Satisfactory  preparations  may  be  obtained  by 
this  method  after  ten  or  fifteen  minutes  of  staining. 

An  excellent  method  of  staining  the  treponemu  pallidum  in  smear- 
preparations  is  that  of  Fontana.'  For  this  method,  the  following  solu- 
tions are  necessary: 

1 .  Acetic  acid 1  c.c. 

Formalin 2  C.c. 

Distillcfi  water 100  c.o. 

Leave  in  one  minute;  wash  in  water. 

2.  Phenol  S0%  (liquefied  cr>'8<jils) 1  c.c. 

Tannic  acid 5  grams 

Distilled  water 83  c.c. 

Cover  preparation  with  this  and  steam  gently  one-half  minute;  wash. 

3.  Silver  nitrate 0.25  grams 

Distilled  water 100  c.c. 

Anunonia  q.  s. 

Add  ammonia  drop  by  drop  until  the  precipitate  which  first  appears  goes 
into  solution.     Steam  one-half  minute;  \va.^h. 

Recently  a  rapid  and  extremely  simple  and  reliable  method  for  the 
demonstration  of  Spiroehieta  pallida  in  smears,  by  the  use  of  India  ink, 
lias  been  described. 

Smears  are  prepareil  in  the  following  way:  A  drop  of  the  fluid 
squeezefl  out  of  the  .sjT)hilitic  lesion,  as  free  as  possible  from  blood  cells, 
is  mixed,  on  a  .slide,  with  a  drop  of  India  ink  (l>est  variety  is  "Chin  chin" 
Giinther- Wagner  Liquid  Pearl  ink),  and  the  mi.xture  smeared  with  the 
edge  of  another  slide  as  in  making  blood  smears.  When  the  smear  dries, 
which  takes  about  a  minute,  it  may  be  immediately  examined  with  an 
oil-immersion  lens.  The  organisms  are  seen  unstained  on  a  black  back- 
gromid.     (See  Fig.  129,  p.  594.) 

De.monstration  of  Spiroch.etes  in  Tissues. — Ordinary  histo- 
logical staining  methods  ilo  not  reveal  the  spirochjetes  in  tissue  sections. 
It  is  customary,  therefore,  to  employ  .some  modification  of  Cajal's 
silver  impregnation.  The  technique  most  conunonly  employed  is  that 
kno\\ni  as  I^vaditi's  tneihod,^  which  is  carried  out  as  follows: 

The  fresh  tissue  is  cut  into  small  pieces  wliich  should  not  be  thicker  than 
2  to  4  millinifterK. 

Fix  in  I09ci  formalin  (4%  formaldehyde)  for  twenty-four  hours.  Wash  in 
water. 

■See  LevadiH  and  Bankowaki:  Ann.  de  I'lnsl.  Past.,  1013,  XXVII,  p.  583. 
'  Lmuliti,  Comptes  rend,  tie  lu  eoc.  de  bid.,  59,  1905. 
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Dehydrate  in  96%  alcohol  twenty-four  hours.    Wash  in  water. 
Place  in  a  3%  silver-nitrate  .solution  at  incubator  temperature  (37.5°  C.) 
and  in  the  dark  for  3  to  5  day.s.    Wash  in  water  for  a  short  time. 
Place  in  the  following  solution  (f rcslily  prepared) : 

Pyrogallic  acid 2-4  grams. 

^^_     Formalin 5  c.c. 

^P    Distilled  water 100   " 

^^     Leave  in  this  for  twenty-four  to  forty-eight  hours  at  room  temperature. 

Wash  in  water. 

Dehydrate  in  graded  alcohols. 

Embed  in  paraffin  and  cut  tliin  sections. 
'  The  sections  may  be  exaniiiicd  without  further  staining,  or,  if  desired, 

may  be  weakly  counterstoined  with  Giemsa's  solution  or  hematoxylin. 

A  modification  of  this  method  which  has  been  much  recommended  is 
that  of  Levadili  and  Manouelian}  The  directions  given  by  these  authors 
are  as  follows: 

;  Fix  in  formalin  as  in  previous  method. 

I  Dehydrate  in  96%  alcohol  12  to  24  hours.    Wttsh  in  distilled  water. 

Place  in  a  1%  silver-nitrate  solution  to  wliich  10%  of  pyridin  ha.s  Ijeen  added 
just  before  use. 

Ijcave  in  this  solution  for  2  to  3  hours  at  room  temperature  and  from  four 
to  8i.\  hours  at  50°  C.  approximately. 
Wash  rapidly  in  10%  p\Tidin. 
I  Place  in  a  solution  containing  4%  of  pjTogallic  acid  to  which  10%  of  C.  P. 

acetone,  and  15%  (per  volume)  of  pyridin  have  been  added  just  before  use. 
Leave  in  this  solution  2  to  3  hours. 

Wash  in  water,  dehydrate  in  graded  alcohols,  and  embed  in  paraffin  by  the 
usual  technique. 

Examined  after  treatment  by  either  of  these  methotLs,  the  .spiro- 
chaetes  appear  as  black,  untr.arusparent  bodies  lying  chiefly  extracellu- 
larij'.  They  are  characteristically  ma.s,seci  about  the  b!ooil-ves.sels  of  the 
organs  and  only  exceptionally  seem  to  penetrate  into  the  interior  of 
the  parenclijTna  cells. 

Attempts  at  cultivating  Spirochaeta  pallida  were  at  first  luisuccessful. 
Recently  Schereschewsky '  has  reported  that  he  hiis  succeeiled  in  ol> 
taining  multiplication  of  the  organisms  on  artificial  media  a.s  follows: 
Sterile  horse  serum  in  centrifuge  tubes  was  coagulated  at  6(J°  C  until 
it  assumed  a  jelly-like  consistency.    It  was  then  placed  in  the  incubator 


'  Levadili  pl  MannuAimi,  Conijiles  rend,  de  la  8oc.  r!e  biol.,  60,  1906. 
* Sckcntchcwsky,  Dcul.  nicd.  W'och.,  N.  S.,  xix  and  .\xix,  1909. 
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Via.    130. — Sl'IBOCH^ETA    PALc 

UDA.    Spleen,  coni^nitHl  syph- 
(IjcvailJti  method.) 


ills. 
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at  37.5°  C  for  three  clays  before  being  used.  The  culture.^  were  planted 
by  snipping  off  a  small  piece  of  tissue  from  a  sji^hilitic  lesion,  dropping 
it  into  such  a  tube,  and  pausing:  it  to  sink  to  the  bottom  by  mean-s  of 
ccntrifugalization.  The  tulje  was  then  tightly  stoppered  with  a  cork. 
In  .such  anaerobic  scrum  cultures  Schereschewsky  claims  to  have  gnwn 

the   organi.sms    for   several    generatiooH, 
though  not  in  pure  culture. 

Miihlens    also    obtained    growth    of 

iSpirocliseta  pallida  in  horse  senmi  agar 

4  •     -  by  a  method  which  is  very  similar    to 

A\^     J  ^    ~  tl'^it  of  Schereschewsky.    The  most  ex- 

^H&T      >     ^"A^T^      tensivf  and  t^nvincing  work  on  trepon- 

^  ^5^'       .  _  J  y-T  ^"^'^  pallidmn  has  been  done  recently  by 

Noguchi.  Noguchi '  began  his  work  in 
1910  and  1911.  His  first  successful  cul- 
tivations were  made  from  the  syphilis- 
infected  testicles  of  rabbits,  and  after 
many  unsuccessful  attempts,  with  slightly  varjing  media  and 
techniciue,  he  finally  succeeded  in  the  following  way:  He  pre- 
pared tul>es  (20  cm.  high  and  1.5  cm.  wide),  cont^ning  10  c.c. 
of  a  seruni-watiT  made  of  <listillcd  water,  three  parts;  and  horse, 
sheep,  or  rabbit  serum,  one  part.  These  were  sterilized  by  the 
fractional  method  in  the  usual  way  (15  minutes  each  day).  Into  them 
was  then  placed  a  small  piece  of  sterile  rabbit  kidney  or  testicle  and  a 
bit  of  the  testicle  of  a  .sjTjhititic  rabijit,  in  wliich  many  spirot-hatcs  were 
present.  The  fluid  was  then  covered  with  sterile  paraffin  tiil  and  placed 
in  an  anjitTobir  jar.  After  10  days  at  33.5°  C.  the  spirochetes  hjid 
multiplied  con.-<ideral>ly,  in  all  but  one  case,  together  with  bacteria.  He 
obtained  pure  cultures  from  these  initial  cultivations  after  much  diffi- 
culty, by  a  numlxr  of  methods.  At  first  he  succeedetl  only  by  allowing 
the  spirochffites  to  grow  through  Berkefeld  filters,  which  they  did  on 
the  fifth  day.  A  better  method  more  recently  adopted  by  him  consists 
in  preparing  high  tulws  of  three  parts  of  verj'  slightly  alkaline  or  neutnil 
agar  to  which  a  jjiece  of  sterile  tissue  has  l>een  added.  Thi-se  tubes  are 
then  inoculated  from  the  impure  cultures  with  a  long  pipette.  Close 
to  the  ti-ssue  and  along  the  stab  the  spiritchffites  and  bacteria  will  gn»w 
and,  after  alxjut  ten  days  to  two  weeks,  the  spirocha-tes  will  have  wan- 
dered away  from  the  stab  and  will  be  visible  as  hazy  colonies.    They  can 

^  Noffuehi,  Jour.  Exp.  Med.,  »v,  1911;  svii,  1913. 
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then  be  Eshed,  after  cutting  the  tubes,  and  directly  transplanted  to 
other  serum-agar-tissue  tubes  prepared  sis  lieforc,  and  eventually  will 
grow  in  pure  rullurc.  By  this  method  Noguclii  has  ;ilso  cultivated  pun! 
cultures  from  lesions  in  monkeys,  an<l  has  produc-eil  lesions  both  in  rah- 
lits  and  monkeys  with  his  pure  cultures.  He  has  thus  for  the  first  time 
arried  out  Koch's  pjostulates  \s'ith  sj-philis  and  estalilished  beyonti  the 
adow  of  a  doubt  the  etiological  significance  of  Spirochaita  pallida  in 
hilis. 

TIk'  writer,  with  Hopkins,  has  successfully  applied  Xogiiehi's  niet!i(»d 
and  has  found  that,  after  once  cultivated  artificially,  the  trejwnenia 
pallidiun  can  be  obtained  in  quantity  best  by  cultivation  in  flasks  con- 


Fia.  131. — SpmocH^TA  pallida.     Liver,  congeaital  syphilis. 
(Ijevaditi  method.) 

taining  heated  or  unheated  rabbit  kidney  with  ascitic  broth  and  sealed 
with  paraffin.  Recently  we  have  been  u.sing  mudifications  of  a  method 
iworked  out  in  our  hiboratory  by  Miss  Ciilbert,  in  which  slantetl  egg, 
■with  or  without  glycerin,  made  as  for  tubercle  cultivation,  is  usetl  in- 
stead of  kidney  tissue.  This  is  put  up  in  high  tubes  and  juseitic  broth 
and  paraffin  oil  added.  By  this  mcthotl,  liu-ge  quantities  of  culture 
pallida  are  obtained  within  two  weeks  and  can  l^e  concentrated  in  large 
quantities. 

Animal  Pathogenicity. — Until  very  recently,  all  experimental  inoc- 
ulation of  animals  wiis  unsuccessful.  During  the  year  1903  MetehnikofT 
anil  Roux  '  finally  succeeded  in  transmitting  the  dise:vse  to  monkeys. 
The  monkey  first  used  by  these  observers  was  a  female  chimpanz(>e. 
At  the  point  of  inoculation,  the  clitoris,  there  appeared,  twenty-six  ilavs 
after  inoculation,  a  tjincal  indurated  chancre,  which  was  soon  folIowe(l 
by  swelling  of  the  inguinal  glands.  Fifty-six  days  after  the  inoculation 
there  appeared  a  l.vpical  secondary  eruption,  together  with  swelling  of 
the  spleen  and  of  the  IjTnph  nodes.    Similar  successful  experiments  were 


'  MeldmHtoS  ct  Roux,  Ann.  dc  I'inat.  Pasteur,  1903,  1904,  and  1905. 
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made  soon  after  this  by  Lassar.'  Soon  aftor  the  experiments  of  Metch- 
nikoff  and  Roux,  successful  inoculations  upon  lower  monkej's  (maca- 
ciis)  were  carried  out  by  NicoUe.'  Since  that  time,  it  has  Ix-en  fouml 
by  various  observers  that  almost  all  species  of  monkeys  are  susceptible. 
Simple  subcutaneous  injection  is  not  sufficient  to  pro<Iu(H.>  a  lesion. 
The  technique  which  has  given  the  most  satisfactory  results  consist* 
in  the  cutaneous  implantation  of  small  quantities  of  syphilitic  tissue 
obtained  by  excision  or  curetting  of  primary  and  secondar>-  lesions.  A 
small  pocket  is  made  under  the  mucous  membrane  of  the  genitals  or  of 
the  eyebrows  and  the  tissue  plticefl  in  this  under  a.septic  precautions. 
The  inoculation  may  l>e  made  directly  from  the  human  being,  but  can 
also  be  successfully  carried  out  from  monkey  to  monkey  for  many 
generations.  Attempts  at  transmission  from  tertiary  lesions  have  so  far 
lx>en  unsuccessful.  The  spirochaetes  can  be  demonstrated  l»oth  in  the 
primary  lesions  of  the  inoculated  animal  and  in  the  secondarily  enlarged 
glands.  The  successful  inottulation  of  rabbits  wth  syphilis  has  l)e<*n 
recently  perfonned  by  Bertarelli.'  He  obtained  ulcerative  lesioas  by 
inoculation  upon  the  cornea  and  into  the  anterior  chamlier  of  the  eye 
and  was  able  to  prove  the  syphilitic  nature  of  these  lesions  by  finding 
the  spirochete  within  the  tissue.  In  these  animals,  as  well  as  in  the 
lower  monkeys,  the  disease  usually  remains  localized. 

In  11M)7,  Parwli  showed  that  syphilitic  lesioas  could  l)e  produced  by 
direct  inoculation  into  the  testicles  of  rabbits.  This  method  of  inoimla- 
tion  has  been  subsequently  studied  by  many  investigators,  especially 
by  Uhlenhuth  and  Mulzer.*  It  Ls  the  easiest  methotl  of  obtaining 
spirochffite  in  any  quantity  from  lesions  in  man.  The  spirochjete-con- 
taining  lesions  may  be  either  excised  or  scrapK'd  as  conditions  permit 
and  rublxxi  up  in  a  mortar  with  sterile  sand,  in  a  few  centimeters  of 
sterile  human  ascitic  fluid.  This  emulsion  is  then  injected  directly 
into  the  suljstance  of  rabbit  testicles.  A  swelling  supervenes  which 
is  often  noticeable  after  two  weeks,  and  is  usually  at  its  height  in  5  to 
7  weeks.  At  this  time  the  testicle  is  nmch  larger  than  normal,  some- 
times evenly  swollen  and  sometimes  no<iular,  and  of  a  firm  elastic  con- 
sistency. When  taken  out  at  castration  it  oozes  a  sticky  fluid,  both 
from  testicle  and  tunica,  which  is  rich  in  actively  motile  8pirochaet<>s. 
By  cHjntinuous  transinoculation  from  one  rabbit  to  another  such  a  stniin 
can  be  indefinitely  carried  along.     It  can  be  inoculat«'il  from  rabbit** 

>  Liumr,  Berl.  klin.  Woch.,  xl,  1903.  «  XietMt,  Ann.  de  I'insi.  Pa«t«?ur, 

•  BrrtareUi,  Cent.  f.  Bakt.,  xli,  1900. 

*  UhUmhutk  und  Mxdser,  Arb.  a.  d.  k.  Geslmdh'tsamt.,  xxxiii,  1009. 
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to  monkeys  and  vice  versa.  This  metliofJ  fis  well  jis  NoRUchi's  cul- 
tivations have  opened  a  new  era  of  spirochiete  investigation.  It  is 
stated  by  some  observers  that  intravenous  inoculation  of  rabbits  may 
be  followed  by  localization  in  the  testis  and  occasionally  gummatoas 
infections  in  other  parts  of  the  body  have  been  induced  after  sucli  in- 
oculation by  Uhlenhuth,  Mulzer,  and  others. 

Immunization  in  Sjrphilis. — It  is  a  well-known  fact  observed  l>y 
clinicians  that  during  activv  syphilis  the  patient  cannot  be  supcrtn- 
fccted.  That  this  resistance  develops  quite  rapidly  was  shown  by 
Metchnikoff  and  Rotix,  who  found  that  reinfection  of  a  monkey  was 
possible  if  attempted  within  two  weeks  of  the  first  inoculation,  but 
was  unsuccessful  if  delayed  beyond  this  period. 

On  the  basis  of  this  knowledge,  Mctchniki>ff.'  Finger  and  Land- 
steiner,'  and  others  have  made  attempts  to  devise  some  method  of  im- 
munization. They  attempted  to  attenuate  the  sj-philitic  virus  by  re- 
peat'Cd  passage  through  monkeys.  These  experiments  were  unsuccess- 
ful, the  last-mentioned  observers  finding  absolutely  no  attenuation 
after  twelve  generations  of  monkey  inoculation. 

Bertarelli  and  others  have  shown  that  the  production  of  a  syphilitic 
lesion  on  the  cornea  of  one  eye  does  not  protect  against  an  inoculation 
done  on  the  other.  Rabbits  that  have  been  inoculated  with  spirochete 
material  and  that  have  not  developed  sjTihilitic  disease  can  be  success- 
fully inoculated  on  subsequent  attempts.  The  offspring  of  female  rab- 
bits with  syphilis  of  the  cornea  are,  according  to  Muhlens,  not  immune. 

There  is  no  evidence  so  far  tliat  specific  therapy  or  treatment  with 
spirochaete  material  has  ha<l  favorable  influence  upon  the  disease. 
Chemotherapy  has  had  results  analogous  to  those  obtained  in 
man.' 

Attempts  at  passive  immunization  have  been  entirely  without  success. 

Investigations  carried  on  in  our  own  laboratory  in  the  last  three 
years  have  shown  definitely,  we  think,  that  hnmunization  of  animals 
with  culture  pallida  produces  antibodies,  agglutinins,  treponemacidal 
substances,  entirely  analogous  to  similar  substances  produced  again.st 
bacteria.  However,  there  is  a  biological  change  which  takes  place 
when  treponema  pallidum  is  cultivated.  The  antitodies  produced 
with  the  culture  pallida  have  no  action  whatsoever  upon  the  virulent 


'  Melchniknff,  .Arch.  g^n.  de  m^.,  1905. 

'  Fingrr  nnd  hintUleinrr,  Sitzungsber.  d.  Wien.  .\kad.  d.  Wias.,  190."). 

•  Von  Provmiek.  "Handbuch  der  puthogenen  Protozocn,"  i,  1912, 1.eipzi);,  Bartsch. 


604 


PATHOGENIC  MICROORGANISMS 


organisms.  Thp  lattfr,  indeed,  soom  to  Ik-  pntirdy  insulated  against 
sui^li  aiitibodifs  and  do  not  imktrc  antibody  fonuation  to  any  groat 
extent,  in  either  the  infected  animal  or  man.  Both  active  and  passive 
immunization  with  rulturr  pallida  and  the  sera  jiroduced  with  them 
have  no  effect.  We  have  ol)taincd  some  evidence,  however,  that  in  ral>- 
bits  a  purely  local  resistance  developes  in  the  tissue  previously  the  site 
of  a  lesion. 

The  occurrence  of  a  Wassermann  reaction  was  formerly  supposed  to 
indicate"  the  existence  of  six^cifio  sj-phiiitic  antibodies  in  the  serum  of 
patients.  More  recent  infnnnation  regarding  this  reaction  seems  to 
sh()w  that  it  (.lei>eu(ls  upon  the  presence  in  the  serum  of  syphilitic 
patients  of  substances  produced  indirectly  because  of  the  presence  of 
sj^philitic  infection.  It  may  l>e  a  relative  increase  of  globulins  or.  as 
Schmidt  lias  suggested,  a  change  in  (he  physical  state  of  the  globulins 
or  other  substances  present  in  tlie  senun.  At  any  rate  it  has  been  found 
that  the  fi.xation  of  complement  in  the  Was.sermann  reaction  does  not 
depenti  upon  the  occurrence  of  a  specific  antigen-antibody  reaction. 
In  the  first  place  the  antigens  most  commonly  used,  and  successfully 
so,  in  the  Wa-^sermann  reactions,  arc  non-specific  lipoidal  extracts  of 
normal  organs. 

Again  it  has  been  demonstrated  that  extracts  of  cultures  of  the 
.Spirocha'ta  pallida  as  well  as  extractions  from  the  testes  of  sj'philitic 
rabbit,*  do  not  furnish  an  antigen  suitable  for  the  Wassemuinn  reaction. 
This  has  f(jllowed  especially  from  the  work  of  Noguchi,*  of  Craig  and 
Nichols,'  and  ourselves.  This  forms  a  corollary  to  the  other  experi- 
ments previou.sly  mentioned  and  shows  thai,  whatever  the  Wiusseniiann 
reactiim  may  be,  it  is  not  a  specific  complement  fixation  in  the  sense  of 
Rordet  and  CienK()U.  It  must  Ih>  admitted,  tlicrefore,  that  our  knowl- 
edge (if  sjiihilis  immunity  is  in  its  infancy  and  that  we  know  very  little 
alx)ut  the  systemic  reactions  which  follow  infection  with  the  Spirochsta 
pallifla. 

The  fact  that  I  ho  syphilitic  virus  docs  not  pa«s  through  a  filter  has 
been  deinonstratcfl  by  Klingmiiller  and  Baermann,*  who  inoculated 
themselves  with  filtrates  from  s>-philitic  material. 


*  Zintaer  nnd  Hopkint,  Jour,  of  Exp.  Med.,  xxi,  1915,  p.  576;  xxiii,  1916,  p.  323; 
xxiii.  191«,  p.  ;J2fl;  xxiii,  191(i,  p.  M\. 

'  .Vof/iir/it.  ,Iour.  .\m.  Mcii.  Assoc,  1912. 

'  Craig  nnd  SieJioh,  Jour.  Rxp.  Mp<1..  xvi,  1012. 

*  KlinmnulUr  uud  Baemiaim,  Deut .  iuc<I,  Woch.,  1904. 
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THE  SPIROCH^ETES  OF  RELAPSING  FEVER 

The  microorganisms  causing  relapsing  fever  were  first  observed  in 
1873,  l>y  ()l>ermeifr,'  who  dcmonsl  rated  them  in  the  Ijlood  of  patients 
jffering  from  this  distinct  type  of  fever.     Since  his  time  extensive 
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Pia.  132. — Spiroch.«te  of  HKU\p.siuii  I'kvek.    (.-VILer  Norris,  Pappenheimer, 

anJ  I'lournoy.) 

studies  by  many  other  observers  have  proven  beyond  question  the 
etiological  connection  between  the  disea.se  and  the  organisms. 

Morphology  and  Staining. — The  spiroehiete  of  Oljemieier  is  a  delicate 
spiral  thread  nieii.'^uring  from  7  to  9  micra  in  length  (Novy),  and  about 
1  micron  in  thickness.  While  this  i.s  it„s  average  size,  it  may,  according 
to  some  observers,  be  considerably  longer  than  this,  its  undulations 
(Varying  from  4  to  10  or  more  in  number.     Compared  with  the  red  blood 

'Obermeier,  Cent.  f.  d.  lued.  Wiss.,   11,   1873, 
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ct'lls  among  which  they  arc  seen,  the  microorganisms  may  vary  from 
one-half  to  9  or  10  times  the  diameter  of  a  corpuscle.  In  fresh  prepara- 
tions of  the  blood,  very  active  corkscrew-like  motility  and  definite  lateral 
oscillation  are  obHervo<I.  In  stained  preparation}*  no  definite  cellular 
structure  can  Ijc  made  out,  the  cell  body  appciiring  homogeneous,  except 
in  degenerated  individuab,  in  which  irregular  granulation  or  beading 
has  been  observed.     Flagella  have  been  described  by  various  observers. 


Fia.  133. — Spihoch«tie  or  Relapsing  Fkver.      Ciirntcd  normal  rat  blood. 
(After  Norris,  Pappenheinier,  and    Fluumoy.) 


Novy  and  Knapp'  believe  that  the  organisms  possess  only  one  terminal 
flagellum.  Zettnow,*  on  the  other  hand,  claims  to  have  demonstrate*! 
lateral  flagella  hy  special  methods  of  staining.  Norris,  Pappenheimer, 
and  Floiirno>','  in  smears  stained  by  polychrome  methcxls,  have  described 
lung,  filamentous  tapering  ends  which  they  interpreted  as  bipolar, 
terminal  flagella,  never  observing  more  than  one  at  each  end.  Sporej' 
are  not  found. 

Cultivation. — Innumerable  attempts  to  induce  these  microorganisms 
to  multiply  upon  artificial  media  have  been  made.  Novy  and  Knapp 
succeeded  in   keeping  the  microorganisms  alive  and  virulent  in  the 


'  Novy  and  Ktmpp,  Jour,  of  Infcc.  Dis.,  3,  1906. 

« Zrttnow.  Dcut.  meil.  Wooh.,  32,  1906. 

•  iVorru,  Pappenhnmer.  and  Floumoy,  Jour,  of  Inf.  Dis,,  3. 
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original  blood  for  as  long  as  forty  days,  and  call  attpution  to  the  fact 
tiiat  the  length  of  time  for  which  they  may  be  kept  alive  depends  to  a 
great  extent  upon  the  stage  of  fever  at  which  the  blood  is  removed  from 
the  patient.  They  do  not,  however,  behove  tliat  extensive  multiplica- 
tion, or,  in  other  words,  actual  cultivation,  had  taken  place  in  their 
experiment.s.  Norris,  Pappenheimer,  and  Fluurnoj',  on  the  other  hand, 
have  obtained  positive  evidence  of  multiplication  of  the  spirochsctis  in 
fluid  media.  They  obtained  their  cultures  by  inoculating  a  few  drops 
of  spirochaetal  rat  blowl  into  3  to  5  c.c.  of  citrated  human  or  rat  blood. 
Smears  made  from  tliose  tulles,  after  pre.scrvution  for  twenty-four  hours 
at  room  temperature,  showed  the  microorganisms  in  greater  number 


Fig.  134. — SpihocujEte  of  Relapsing  Fever.     (From  preparatioa  furnished 
by  Dr.  G.  N.  Calkins.) 


than  in  tJie  original  infected  blood.  A  similar  multiplication  could  be 
observed  in  transfers  made  from  these  " fir.st-generation "  tuljes  to  other 
tubes  of  citratfd  blood.  .Vtlcnipt^s  at  cultivation  for  a  third  generation, 
however,  failed. 

Noguchi '  h;is  lately  successfully  cultivated  the  spirochsete  of  Ober- 
meier  in  ascitic  fluid  containing  a  piece  of  sterile  riibbil'.s  kitlney  and  a 
few  drops  of  citrated  blood  under  anaerobic  conditions. 

Four  different,  probal>l>'  distinct  varieties  of  spiruchiPtc  have  lieen 
describeil  in  connection  with  rcla])sing  fever,  all  of  which  have  been 
cultivated  by  Noguchi  by  means  of  this  methotl.  Tlie  first  is  known  as 
the  spirochiPte   of    OI>erme:er  mentionetl  above.      Probably  distinct 


40 


'  Noguchi,  Jour.  Exp.  Med.,  xvii,  1913. 
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arf  (he  Spirochaeta  Duttoni,  dewribed  by  Dutton  and  Todd'  in  1905,  the 
Spirocha?ta  Kodii,  and  the  Spiroclueta  Novj'i,'  the  organism  studied  by 
Norris  and  Floumoy  and  Pappenheimer,  and  regarded  as  a  different 
species  l>y  tlirni. 

Pathogenicity. — Inoculation  with  blood  contauiing  these  spirochiptes 
produces  <iisease  in  monkeys,  rats,  and  mice.  Attempts  to  transmit 
the  disease  exixTimciitiilly  to  dogs,  rabbits,  and  guinea-pigs  have  so 
far  been  unsuccessful.  The  sul>outaneous  inoculation  of  monkej's  is 
followed  after  from  two  to  four  days  by  a  rise  of  temperature  which 
occurs  abruptly  as  is  the  ca.se  in  the  disease  in  man  and  which  may  last 
several  days.  During  this  time  the  .spirochaetes  can  be  found  in  the 
blood  of  the  animals  just  as  it  is  found  in  that  of  infected  human  Ijeings. 
The  temperature  subsides  after  a  day  or  more,  when  it  again  rapidly 
returns  to  normal.  As  a  rule,  the  paroxysms  are  not  repeated.  Occa- 
sionally, however,  two  or  three  attacks  may  supervene  l^efore  immunity 
is  establishetl.  In  rat.s,  an  incubation  time  of  from  two  to  five  daj's 
occurs.  At  the  eiitl  of  this  time  the  spirochaetes  may  be  found  in  large 
numl>ers  in  the  blootl,  and  the  animals  show  sjTnptoms  of  a  severe 
systemic  infection.  The  attack  lasts  from  four  to  five  days,  at  the  end 
of  which  time  the  microorganisms  again  disappear.  Occasionally  even 
in  these  animals  relap.'ses  have  been  observed.  Gross  pathological 
changes  are  not  found,  with  the  exception  of  an  enlargement  of  the 
spleen. 

In  man  the  disease  caused  by  the  spirochete  of  Obermeier,  commonly 
known  as  relapsing  fever,  is  common  in  India,  .\frica,  and  mo.st  of  the 
warmer  countries.  It  has,  from  lime  to  time,  been  ol)served  epidemically 
in  Europe,  cspeciallj'  in  Ku.ssia,  and  a  few  epidemics  have  occurred  in 
the  Southern  United  States.  The  disease  comes  on  abruptly,  beginning 
usually  with  a  chill  accompanied  by  a  sharp  rise  of  t*'mix>rature  and  gen- 
eralized j)ains.  Together  with  the  rise  of  temperature,  which  often  ex- 
ceeds 104°  F.,  there  are  great  pri>stration  and  oc(;asionally  dehrium.  Early 
in  the  disease  the  spleen  Ix-comcs  palpable  and  jaundice  may  appear. 
The  spirochaetes  are  easily  detecte<l  in  the  blood  during  the  persistence 
of  the  fever,  which  lasts  usually  from  three  to  ten  days.  At  the  end 
of  this  time  the  temperature  usually  drops  as  suddenly  as  it  rose,  and 
the  general  symptoms  rapidly  ilisapi^ar.  After  a  free  interval  of 
from  one  to  three  weeks  a  relapse  may  occur,  which  is  usually  less 
severe  and  of  shorter  duration  than  the  original  attack.    Two,  three,  or 

>  DuUon  and  Todd,  Brit.  Med.  Jour.,  1905. 
'  Nuiry  and  Fraaiktl,  cited  froin  Noguchi. 
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even  four  attacks  may  occur,  but  the  disease  is  not  very  often  fatal. 
When  patients  do  succumb,  however,  the  autopsy  findings  are  not 
particularly  characteristic.  Apart  from  the  marked  enlargement  of 
the  spleen,  which  histologically  shows  the  changes  indicating  simple 
hyperplasia,  and  a  slight  enlargement  nf  the  liver,  no  lesions  are  fourid. 
The  diagnosis  is  easily  made  during  the  febrile  stage  by  examination  of 
a  small  quantity  of  blood  under  a  cover-slip  or  in  the  hanging-drop 
preparation. 

Several  typos  of  relapsing  fever  have  been  described.  In  Africa  the 
disease  has  long  been  prevalent  in  many  regions  and  the  investigations 
of  Ross  ami  Milne,'  Koch,^  Dutton  and  Todd,'  and  others  have  brought 


Fig.  135. — SpiRocHiGTE  or  Dutton,  African  Tick  F^ver.     (From  prepar»- 
tion  furnished  by  Dr.  G.  N.  Colkina.) 


to  light  that  many  conditions  occurring  among  the  natives,  formerly 
regarded  as  malarial,  are  caused  by  a  species  of  spirochffite.  Whether 
or  not  the  microorganisms  ob.served  in  the  African  disease  are  exactly 
identical  with  thp  .sjiinichiete  observed  by  Obermcier  is  yet  a  question 
alxiut  which  several  opinions  are  held.  Dutton  and  Todtl  believe  that 
the  same  microorganism  is  responsible  for  lioth  cLseascs.  Koch,  on  the 
other  hand,  believes  thjit  the  slightly  .smaller  size  of  the  African  spiro- 
chsete  and  the  milder  course  of  the  clinical  sjTnptoms  indicate  a  defi- 

inite  difference  between  the  two.  .\nimal  experiments  made  with  the 
African  organism,  furthermore,  usually  show  a  much  more  severe  in- 
fection than  do  similar  inoculations  with  the  European  varietj'.     The 


*  Rosa  and  Milne,  Brit.  Med.  Jour.,  1904. 

*  Koch,  Deut.  iDpd.  Woch.,  xxxi,  10O.5. 

>  Dultmi  and  Ttxhl,  I>!iiic(;t,  19f)5,  ami  Jour,  of  Trop.  Med.,  1905. 
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spirochaete  found  in  the  African  disease  is  usually  spoken  of  at  present 
as  "Spirochapta  Duttoni."  Novj-  and  Knapp,'  after  extensive  studies 
with  the  microorganisms  from  various  sources,  have  come  to  the  conclu- 
sion that,  although  closely  related,  definite  species  differences  exist  be- 
tween the  two  types  mentinned  al)ove,  and  that  these  again  are  definitely 
distinguished  from  similar  organisms  described  by  Turnbull*  as  occurring 
in  a  similar  disease  oi>.served  in  India. 

The  mode  of  transmission  of  this  disease  is  not  clear  for  all  types. 
Dutton  and  Todd,  however,  were  able  to  show  satisfactorily  that,  in  the 
case  of  the  African  disease  at  least,  transmission  occurs  through  the 
intermediation  of  a  species  of  tick.  The  conditions  under  which  such 
intermediation  occurs  have  been  carefully  studied  by  Koch.'  The 
tick  (Orntthodorus  mouhata)  infects  itself  when  sucking  blootl  from 
an  infcctctl  Imnian  being.  The  spirochaete  may  remain  alive  and 
demonstrable  within  the  body  of  the  tick  for  as  long  as  three  days. 
Koch  has  shown,  furtlicrnore,  that  they  may  Ih"  found  also  within  the 
eggs  laid  by  an  infcctctl  female  tick.  He  succeeded  in  producing  experi- 
mental infection  in  monkeys  by  subjecting  the  animals  to  the  bites 
of  the  infected  in.sects.  For  the  Kurojx'an  variety  of  the  disease  no 
such  inhTinetliate  host  has  as  j'et  been  demonstrated. 

Immunity. — It  has  long  been  a  well-known  fact  that  recovery  from 
an  attack  of  relapsing  fever  usually  results  in  a  more  or  less  definite 
immunity.  The  blood  nf  human  lx>ings,  monkeys,  and  rats  which  have 
recovered  from  an  attack  of  this  disease  show  definite  and  specific 
bactericidal  anil  agglutiniiting  siil)stances,  and  Novy  and  Knapp  have 
demonstrated  that  the  blood  .senim  of  such  animals  may  be  used  to 
ponfer  passive  immunity  upon  others. 
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VINCENT'S  ANGINA 


The  condition  known  as  X'incent's  angiim  consists  of  an  inflamma- 
tory lesion  in  the  mouth,  pharjTix,  or  throat,  situated  most  frequently 
upon  the  toasils.  The  di.sease  usually  begins  as  an  acut«  stomatitis, 
phar5'ngiti.«,  or  tonsillitis,  which  soon  leads  to  the  formation  of  a  pseudo- 
membrane,  which,  at  this  stage,  has  a  great  deal  of  resemblance  to  that 
caused  by  the  di])htheria  bacillus.  At  later  stages  of  the  diseasi^  there 
may  be  distinct  ulceration,  the  ulcers  having  a  well-defined  margiQ 


*  Novy  and  Knapp,  loc.  cit.  >  TumhuU,  Indian  Med.  Gai.,  1005. 

*Koeh,  Berl.  med.  Wooh..  1906. 
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[and  "  punched-out "  appcarancp,  so  that  clinically  they  have  of  tfn  boea 
erroneously  diagnascd  as  syphilis.  Apart  from  the  localized  ptiin,  the 
disease  is  usually  mild,  but  (x-casionally  mo<k'rate  fever  and  systemic 
disturbances  have  been  observed.  Unlike  diplithcria  and  syphilis,  this 
peculiar  form  of  angina  usually  yields,  w^thout  difficulty,  to  local  treat- 
ment. 

The  nature  of  ieaionb  of  tliis  peculiar  kind  was  not  clear  until  Pltiut,' 
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Fjo.   13(i. — Smear  fhom  the  thhoat  of  .\  Case  ok  Vis.  rsi  ;-  .V.Miii.vA, 

Giemsa  Stain. 

Vincent,*  and  others  reported  uniform  bacterioloRioal  findings  in  cases 
of  this  description.  These  observers  have  bwn  able  to  demonstrate 
in  .smears  from  the  lesions  a  spindle-shaped  or  fusiforni  bacillus,  to- 
gether with  which  there  is  usually  found  a  spirillum  not  unlike  the 
spirillum  of  relapsing  fever.      The   two   microorganisms   are   almost 

>  Plattl,  Deut.  med.  Woch.,  xlix,  1894. 

•  Vincent,  \nn.  de  I'inst.  Pasteur,  1.S96,  and  Bull,  et  infin.  de  la  soc.  in^d.  des 
Wp.  de  P.,  1898. 
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always  found  together  in  thLs  form  of  disease  and  were  regarded  by 
the  first  observers  as  representing  two  distinct  forms  dwelling  in  sym- 
biosis. More  recently  Tunnicliff,*  on  the  basis  of  experimental  work, 
has  claimed  identity  for  the  two  forms,  believing  that  they  represent 
different  developmental  stages  of  the  same  organism. 

The  fusiform  bacilli  described  by  Vincent,  Plaut,  Babes,  and  others, 
are  from  3  to  10  micra  in  length,  and  have  a  thickness  at  the  center 
varying  from  0.5  to  0.8  micron.    From  the  center  they  taper  gradually 


Ficj.  137. — Thkoat   Smkai!    \'i\i  ia t  s  AMriw.    riisifonii  bacilli  and  spirilla. 


toward  the  ends,  ending  in  blunt  or  sharp  points.  The  length  of  these 
bacilli  may  vary  greatly  within  one  and  the  same  smear  preparation. 
They  arc  usually  straight,  sometimes  slightly  curved.  They  do  not  stain 
very  easily  with  tiie  w'eaker  aniliii  dyes,  but  are  readily  .stained  by 
Loeffler's  nietliyIen<'-l)luo,  carbol-fuchsin,  or  better,  l.>y  (liomsa's  stain. 
Stained  l)y  (Irani,  th<y  are  us\ially  d<'(rolorize(l,  though  in  this  respect  the 
writers  have  found  them  to  vary.  Stained  prej)arations  show  a  charac- 
teristic ineciuality  in  the  inteiisitv  of  the  stain,  the  baciUi  beine  more 
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deeply  stained  near  the  end,  nnd  showing  a  banded  or  striped  alternation 
of  stained  and  unstained  areas  in  the  central  body.  Their  staining 
qualities  in  this  respect  are  not  unlike  those  of  the  diphtheria  bacillus, 
and  according  to  Babes '  the  dark  arejus  are  t<]  l>e  interpreted  as  meta- 
chromatic granules.     The  Ijacilli  are  not  motile. 

The  spirilla  fo\ind  in  \'incent's  angina  are  usually  somewhat  longer 
than  the  fusiform  bacilli,  and  are  made  up  of  a  variable  number  of  un- 
dulations, shallow  and  irregular  in  their  curvatures,  unlike  the  more 
regularly  steep  waves  of  Spirochteta  pallida.  They  are  stained  with 
even  more  difficulty  than  are  the  bacilli  and  usually  appear  less  di.«ftinct 
in  the  preparations.  The  .stain,  however,  is  taken  without  irregu- 
larity, showing  none  of  the  apparent  metachromatism  observed  in  the 
bacilli. 

By  the  earlier  observers  cultivation  of  these  microorganisms  was 
attempted  without  success.  Recently,  however,  it  ha.s  been  shown  that 
cultivation  couUl  be  carried  out  under  anaerobic  conditions.  Tunni- 
cliff  -  has  cultivate<l  the  organi.sms  anaerobtcally  upon  slants  of  ascitic 
agar  at  37.5°  C.  This  observer  found  that  in  such  cultures,  b«>fore  the 
fifth  day,  bacilli  only  could  be  found,  that  after  this  time,  however, 
spirilla  graduallj'  appeared  and  finally  constituted  the  majority  of  the 
organisms  in  the  culture.  It  appeared  to  Tunnicliff  from  this  study 
that  the  spirilla  might  be  developed  out  of  the  fusiform  microorgan- 
isms representing  the  adult  form. 

The  microorganisms  of  A'incent's  angina,  when  occurring  in  the 
throat,  are  rarely  present  alone,  lieing  usually  .accompanied  by  other 
microorganisms,  such  as  sta]jhylocucci,  strejitococci,  and  not  infre- 
quently diphtheria  bacilli.  When  occurring  tctgether  with  diphtheria, 
they  are  saiti,  liy  some  fJerman  observers,  to  aggravate  the  latter 
rCoadition  considerably.  This  frequent  association  with  other  micro- 
isms  renders  it  impossible  to  decide  conclusively  that  the  fusi- 
form bacilli  and  spirilla  are  the  primary  etiological  factors  in  these 
inflammations.  It  has  been  frequently  suggested  that  they  may  be 
present  as  sccoudarj-  invaders  upon  the  soil  prepareil  for  them  by  other 
microorganisms. 

Animal  inoculation  with  these  microorganisms  h;is  led  to  little  result. 

Fusiform  Bacilli  other  than  those  in  Vincent's  Angina. — Fusiform 
bacilli  morphologically  indistinguishable  from  those  fountl  in  the  angina 
of  Vincent  may  frequently'  be  found  in  smears  taken  from  the  gums, 

'  Babci,  in  Kollo  unci  \\;uH.s<Tiimnn,  1.  Ergiinzungshaiul,  1907. 
«  Timuictijf,  Jour,  of  Infcc.  Di.s.,  :i,  I90*>. 
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from  carious  teeth,  and  occasloimlly  among  the  microorganisms  in  the 
pus  from  old  sinuses.  Several  varieties  of  these  bacilli  have  been  de- 
scribed in  connection  with  definite  pathological  conditions. 

Bahes,'  in  1803,  obser\'ed  spindle-shaped  bacilli  not  unlike  those 
described  above,  but  somewhat  shorter,  in  histological  sections  prepared 
from  tissues  from  the  gums  of  individuals  suffering  from  scurvy.  He 
found  similar  bacilli  in  rabbits  intravenously  inoculated  with  material 
from  the  patients  and  was  able  to  cultivate  the  bacilli  for  several  genera- 
tions. His  de*icript ions,  however,  of  the  microorganisms  as  found  in  the 
secondary  cultures  var>'  con.siderably  from  those  of  the  original  findings 
in  the  gums  of  the  patients.     His  results  are  not  convincing. 

In  noma,  a  gangrenous  disease  of  the  gums  and  cheeks,  occurring 
occasionally  in  individuals  who  ha\'e  been  severely  run  down  by  acute 
infectious  disea-ie.**  or  great  haniship,  Weaver  and  Tunnicliff  have  found 
spirilla  and  fusiform  bacilli  in  large  numbers.  The  organisms  were  pres- 
ent not  only  in  smears  from  the  surface,  but  were  also  found  by  histo- 
logical methods,  in  large  numbers,  Ijnng  in  the  tissues  beyond  the 
area  of  necrosis.  Here  again  it  is  not  entirely  certain  whether  these 
microorganisms  were  the  primary  etiological  factors  or  whether 
they  are  to  be  regarded  merely  as  secondary  invaders  of  a  necrotic 
focus. 

Fusiform  bacilli  are  cultivated  with  greater  ease  than  formerly  sup- 
posed; we  haVe  found  it  relatively  simi)le  to  grow  them  together  with 
Gram  positive  cocci  in  sjTnbiosis  in  simple  broth  tubes  covered  with 
paraffin  oil  without  the  addition  of  jmy  enriching  sub.stance  and  in 
similar  symbiotic  conditions  on  infusion  agju-  plates  under  incomplete 
anaerobic  conditions.  In  such  plates  they  form  curious  colonies  in 
which  the  fusiform  bacilli  uwl  micrococci  are  intimately  commingled. 
Krumwie<le '  has  had  no  difficulty  in  cultivating  them  in  pure  culture 
in  anaerobic  plates. 


SPIROCRSTA  PERTEinnS 


In  a  disease  known  as  "  Franibcrsia  tropica,"  or  popularly  "  Yaws, 
occurring  in  tropical  and  subtropical  countries  and  much  resembhng 
syphilis,  Castcllani,'  in  1905,  was  able  to  demonstrate  a  species  of 
spirochujte  which  has  a  close  morphological  resemblance  to  Spiroch«ta 
pallida.     The  microorgani-sm  was  fomid  in  a  large  percentage  of  the  cases 

» Babeji,  Deut.  ined.  Woch.,  xliii,  1893. 

'Krumwiede,  Jour.  Inf.  Dis.,  1913. 

*CaiMaHi,  Brit.  Med.  Jour.,  lOOo,  and  Dcut.  rocd.  Wooh.,  1006. 
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cammed  both  in  the  cutaneous  papules  and  in  ulcerations.  Confirm- 
itory  investigations  on  a  larger  series  of  cases  were  later  carried  out  by 
Ivon  dem  Borne.' 

The  microorganism  is  from  7  to  20  micra  in  length  with  numerous 
[undulations  and  point«i  ends.  Examined  in  fresh  preparations,  it  has 
Ian  active  motility  similar  to  that  of  Spirochaeta  pallida.  In  smears 
|it  is  easily  stained  by  means  of  the  Giemsa  method. 

Both  the  clinical  similarity  between  yaws  and  syphilis,  as  well  as 
[the  similarity  between  the  microorganisms  causing  the  diseases,  has 
lopene<l  the  question  as  to  the  identity  of  the  two  microorganisms. 
lAccortling  to  most  clinical  observers,  however,  yaws,  which  is  a  disea.se 
[characterized  chiefly  by  a  generalized  papular  eruption,  is  imquestion- 
[ably  distinct,  clinically,  from  lues,  and  experiments  of  Neisser,  Baermann, 
[and  Halberstadt<>r,'a.s  well  as  of  Castellani  *  himself,  have  tended  to  show 
[that  there  is  a  distinct  difference  Ix'tween  the  immunity  produced  by 
[attacks  of  the  two  diseases.  The  disease  is  transmissible  to  monkeys, 
[as  is  syphilis,  but  it  has  l)een  satisfactorily  shown  that  monkeys  inocu- 
[lated  with  syphilitic  material,  while  no  longer  susceptible  to  infection 
[with  Spirochata  pallida,  may  still  be  successfully  inoculated  with 
[Spirochffita  pertenuis. 

SPIROCHATA  GALLINARUM 

An  acute  infectious  disease  occurring  among  chickens,  chiefly  in 
South  America,  has  been  shown  by  Marchoux  and  Salimbeni  *  to  be 
caused  by  a  spirochate  which  has  much  morphological  similarity  to  the 
spirochsete  of  Obermeier. 

The  disease  comes  on  rather  suddenly  with  fever,  diarrhea,  and  great 
exlmustion,  and  often  ends  fatally.  The  spiroch£ete  is  easily  demon- 
strated in  the  circulating  bKwjil  of  the  animals  by  staining  blood-smears 
with  Giemsa's  stain  or  with  dilute  carbpl-fuchsin. 

Artificial  cultivation  of  the  microorganism  has  not  yet  been  ac- 
complished. Experimental  transmission  from  animal  to  animal  is  easily 
carried  out  by  the  sulx'utaneous  injection  of  blood.  Other  birds,  such 
as  geese,  ducks,  and  pigeons,  are  susceptible;  mammals  have,  so  far, 
not  Ijeen  successfully  inoculated.     According  to  the  investigations  of 
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'  Von  dem  Bame,  Jour.  Trop.  Med.,  10,  1907. 

*  Neitaer,  Baermann,  und  Haibersladter,  Miinch,  med.  Wfjch.,  xxviii,  1906. 

*  Castellani,  Jour,  of  Hyg.,  7,  1907. 

*  Marehoux  et  Salimbeni,  Aiin.  de  Tinat.  Pasteur,  10O3. 
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Leva<liti  and  Manouplian,'  the  spirochsetea  are  found  not  only  in  the 
blood  but  thickly  distributed  throuRhout  the  various  organs. 

Under  natural  conditions,  infection  of  chickens  seems  to  depend 
upon  a  species  of  tick  which  acts  as  an  interme<Uate  host  and  causes 
infection  by  its  bite.     The  spirochaete,  according  to  Marchoux  and  Sal- 

imheni,  may  be  found  in  the  intes- 
tinal canal  of  the  ticks  for  as  long 
as  five  months  after  their  infection 
from  a  diseased  fowl. 

In  the  blood  of  animals  which 
have  survived  an  infection,  agglutin- 
ating substances  appear  and  active 
immunization  of  animals  may  be 
carried  out  by  the  injection  of  in- 
fected blood  in  which  the  spirochsetes 
have  bifu  killed,  either  by  moderate 
heat  or  by  preservation  at  room 
temperature.  The  serum  of  immune 
animals,  furthermore,  has  a  pro- 
tective action  upon  other  birds. 

It  is  not  impossible  that  the  Spiro- 
chEPta  gallinarum  may  be  identical 
with  the  Spirocha'ta  anserina  previ- 
ously discovered  by  Sacharoff.*  This 
last-named  microorganism  causes  a  di.sea.se  in  geese,  observed  espe- 
cially in  Hu.ssia  and  Northern  Africa,  which  lx>th  clinically  and  in  its 
pathological  lesions  corresponds  closely  to  the  disease  alxive  described 
as  occurring  in  chickens.  The  spirochffite  is  found  during  the  febrile 
period  of  the  disease  in  the  circulating  blood,  is  morphologically  indis- 
tinguishable from  the  spirochtete  of  chickens,  and  can  not  be  cultivated 
artificially.  The  simihu-ity  is  further  strengthened  by  the  fact  that 
Spirochseta  anserina  is  pathogenic  for  other  birds,  but  not  for  animals 
of  other  genera.  Noguchi  has  succeetled  in  cultivating  Spirochceta 
gallinarum  by  the  same  method  by  which  he  has  cultivated  the  or- 
ganisms of  relapsing  fever.  Ascitic  fluid  tubes  with  a  piece  of  sterile 
rabbit  kidney  were  inoculated  with  a  few  drops  of  blood  containing  the 
spirochaetes  and  cultivated  at  37. .5^  C.  under  anaerobic  conditions. 
SpiroclUBta  pha^deniB. — This  is  an  organism  cultivated  by  Noguchi 

'  Ltvoditi  pt  Manouclian,  .\nn.  do  TiiLst.  Paatevir,  1900. 
*Sacharoff,  Aim.  de  rinst.  Pasteur,  1891. 
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by  his  asi'itic-fluid-ti.ssue  metliod  from  phugodcnic  lesions  on  human 
external  gt'iutals.     It  is  probahiy  a  new  species. 

Spirochata  macrodentiiun. — Cultivatetl  by  Noguchi ;  ^  is  believed  by 
him  to  be  identical  with  the  spirochaet'.-  found  in  Vincent's  angina. 

SpirochsBta  microdentium. — A  similar  organism  with   wide  con- 

'  volutions,  cultivated  l»y  Noguchi  from  the  tooth  deposits  chiefly  in 

chiklren.     It  was  grown  on  mixtures  of  sheep  serum  water  and  sterile 

tissue  in  a  way  similar  to  that  employed  bj'  him  for  other  organisms  of 

this  group. 

Spirochata  calligynun. — Cultivated  by  Noguchi*  from  condylomata 
— i-s  prubalily  a  new  species. 

Weil's  Disease. — Weil's  disease  is  a  malady  which  ha.s  been  known 
'  fur  a  long  time,  in  which  tliere  is  a  aioderate  febrile  movement,  with 
jaundice,  enlarged  liver,  and  a  hemorrhagic  eruption.  In  this  di.sease, 
Inada.  Yutaka,  Hoki,  Kaneko,  and  Ito  '  have  tlc'scribed  tln'  Spiro- 
chtt'te  icteroha'moragica.  They  have  found  the  organisms  in  the  liver 
by  the  Levaditi  method,  the  adrenal  glnnd.s  and  the  kidneys,  and  have 
transmitted  it,  with  the  blootl  of  cases,  to  {j'linca-pi^'s  by  intniprri- 
toneal  injection.  They  succeeded  iu  cultivating  it  by  the  Nognehi 
method. 

Bat-Bite  Fever. — Rat-bite  fever  is  a  peculiar  disease,  which,  nfter  an 
incubation  period  of  ten  or  more  days,  is  characterized  by  fever,  head- 
ache and  intlammatitin  nt  the  site  of  the  bite,  swollen  lymph  glands, 
skin  erui)tion  and  pains.  After  three  to  six  days  tlie  fever  ceases  and 
an  afebrile  period  of  two  or  three  days  ensues.  After  this  the  fever 
again  occurs,  lii'cpntly  Futaki,  Takaki,  Tiini^'uchi,  nnd  Osunii '  have 
described  a  treponenia  which  they  have  called  TrciioticitKt  iiiorsitft  nmrix. 
It  is  a  spiral  organism,  somewhat  larger  than  the  Treponema  pallidum, 
and  is  found  in  the  skin,  the  lymph  nodes,  and  in  the  hlnnd.  They 
have  sueceetled  in  inoculating  rats  and  have  cultivated  it  in  .Schi- 
mamine  medium,  which  oonsists  of  100  e.c.  of  horse  serum  in  which 
0.5  to  0.75  gram  of  .sodium  nucleate  is  dissolved  ami  earhoii  dioxi<le 
passed  through  the  solution  until  the  serum  bceomcs  transparent.  It 
is  then  heated  for  three  days  at  fiO°,  and  on  the  fourth  day  at  65° 
until  it  coagulates.  This  medium  is  deeply  inoculated,  but  no  other 
analTohie  in'pcautions  arc  takeii. 

'  Noffiwhi.  Jour.  Exp.  Med.,  xv,  1912.         '  Noguchi,  Jour.  E.\p.  Med.,  xvii,  1913. 
•Jour,  of  Exp.  Med.,  1916,  xxiii,  p.  249.     •  Jour.  Exp.  Med.,  191(!,  xxiii,  p.  377. 


CHAPTER  XLIV 
THE  HIGHER  BACTERU 
{ChlamydobacteriacecR,  Trichomyceiea) 

Stan'ping  midway  between  the  true  bacteria  anti  the  more  complex 
molds  or  Hyphomycetes,  there  are  a  numbtfr  of  pathogenic  micro- 
organisms which  offer  great  difficulties  to  classification.  In  the  classifi- 
cation of  Migula  most  of  these  forms  have  been  placefl  in  a  rather 
heterogeneous  group,  the  ChlaniydobacteriaceJB.  By  other  authon*. 
notably  Lachner-Sandoval,'  Bercstnew,'  and  by  Petraschky,*  the  vioac 
relationship  of  these  forms  to  the  higher  hyphomycetes  has  been  em- 
phasized and  they  have  been  grouped  as  a  8ubdi\'iHion  of  the  true  molds 
under  the  family  name  of  Trichomycctes. 

Pctruschky  *  proposes  the  following  clear  schematization,  which, 
even  though  possibly  defective  from  a  purely  botanical  point  of  view, 
is  at  least  serviceable  for  the  purposes  of  the  bacteriologist. 

Hyphomycetes 


True  molds 


Trichomyoetes 


Leptothrix 


Cladolhrix 


Strep  tot  lirix 


Actinomsrevs 


Leptolhrijc  is  used  to  designate  those  forms  which  appear  as  simple 
threads  without  branching. 

Cladolhrxjc  ia  a  thrcatl-like  form  in  which  false  branching  may  In* 
recognisscd.  By  false  branching  is  meant  an  appearance  resulting  from 
the  fragmentation  of  threads.  The  t€rminal  cell  breaks  away  from  the 
main  stem,  is  set  at  an  angleby  the  elongation  of  the  thread  itself,  and. 


'  Ladmer-Sandovol,  "  Ueber  Strahlenpihe."     Diss.  Straaburg,  1898. 
» Benttnew,  Ref.  Cent.  f.  Bakt..  xxiv,  1898. 

•  Petrugrhky,  in  Kolle  und  Wasaerauutn,  "  Hondbuch,"  etc. 

•  Petniachky,  loc.  cit. 
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as  both  continue  dividing,  the  simulation  of  tnic  branching  ia  pro 
dufe<l. 

Strepfulhrix  denotes  forms  with  numerous  true  branches  and  spores 
which  usually  appear  in  chains. 

*  Adinomtjces  is  of  more  complicated  structure,  characterized  by  the 
formation  of  club-shaped  ends  and  the  stellate  an-angement  of  its 
threads. 

LEPTOTHKIZ 

Mcmlx»rs  of  the  Icptothrix  group  have  been  obsei-ved  in  connection 
with  inflammations  of  the  mouth  und  pharynx  by  Frankel,"  Miclielson,- 
Epstein,^  and  others.  In  many  of  these  cases  the  organism  was  identi- 
fied by  morphologj"  chiefly,  pure  cultures  not  having  been  obtained. 
The  disease  in  none  of  these  cases  was  accompanidl  by  severe  systemic 
8ymptom.s  and  it  i.-^  likely  that  when  found  in  human  beings  the  organ- 
isms may  be  regarded  simpl)'  lus  comparatively  hamiless  sa])rophytes 
appearing  in  connection  with  .some  other  specific  inflammation. 

Cultivation  of  the  Leptothriccs  is  not  easy  and  has  been  succeasful 
only  in  the  hands  of  Vignal  *  and  .VrustamoflF.' 


OLADOTHRIX 

Owing  to  much  confusion  in  the  differentiation  of  these  forms  from 
the  strcptothrices,  it  is  not  possible  to  detcmiine  whether  cases  of  true 
cladothrix  infection  have  been  observed.  It  is  likely  that  most  cases 
ascribed  to  microorganisms  of  this  class  have  really  been  due  to  strep- 
tothrix  infection.  The  deciding  criterion  is,  of  course,  the  formation  of 
branches  and  these  seem  to  have  been  observed  in  most  of  the  cases 
described.  A  closer  differentiation,  in  the  future,  between  tnie  and 
fal.se  branching  can  alone  determine  whether  or  not  cases  of  cladothrix 
infection  proper  may  occur. 


STREPTOTHEIX 

Reports  of  cases  of  streptothrix  infection  of  various  parts  of  the 
body,  in  both  animals  and  man,  are  abundant  in  the  literature.     The 

'  FrOnkel,  Kiilenlmrg's  "  Realencycl.  d.  gesam.  Heilkunde,"  1882. 

'Michelmn,  Bt-rl.  klin.  Woch.,  ix,  1889. 

tEpntein,  Prag.  meil.  Woch.,  1900. 

•  Vignal,  Ann.  de  phys.,  viii,  1886. 

»  ArutUimoff,  Quoted  from  Pctruachky,  loo.  dt 


Larkin,'  and  a  number  of  other  observers  have  found  these  microor- 
ganisnis  in  cases  of  piiluionarj'  disease,  simulating  tubercuJosis.  Sup- 
purations of  bone  and  ot  the  skin  and  the  intestinal  canal  have  been 
rcporteii.  The  infection,  therefore,  Ls  not  very  rare,  but  the  diverse 
experii'uces  of  workers  who  have  attempted  to  cultiviitf?  these  micn>- 

«  Nooanl,  Ann.  df  I'inst.  I'nsteur.  ii,  1888. 

»  Eppinger,  Wien.  klin.  Woch. .  1890.  

•  Petru»chhj,  Verhaiull.  <i.  Kongr.  f.  innere  Mediz.,  1S08. 
*Berettneff,  Zeit.  f.  Hyg.,  xxix,  1898. 

•  Flexfur,  Jour.  Exp.  Med.,  iii,  1896. 

•  Nonris  and  Larkin,  Proc.  of  N.  Y.  Path.  Soo.,  .March.  1899. 
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organisms  seem  to  indicate  that  not  all  of  the  incitants  rleficribed  be- 
longed to  one  and  the  same  variety,  but  that  probably  a  number  of 
different  types  may  csast. 

Morphology. — Morphologically  the  streptoth rices  show  considerable 
variation.  In  material  from  infectious  lesions  they  have  most  often 
api>eAred  as  rods  and  filaments  with  woll-marked  branching.  Occasion- 
ally the  filaments  are  long  and  interwined,  and  brunches  have  shown 
bulbous  or  clul>-shapcd  ends.  lu  Norris  and  Larkin's  case,  the  young 
cultures  in  the  first  generations  seem  to  have  consisted  chiefly  of  rod- 
shaped  forms  not  un'-'ke  bacilli  of  the  diphtheria  group,  showing  marked 
metachromatisn  when  stained  with  Loefflpr's  niethylr'ne-blue.    They  aie 


Fig.  140. — Htiusptotiuux,  Showino  True  Branching. 


easily  stained  with  this  dye  or  with  aqueous  fuchsin.     In  tissue  sections 
they  may  be  denionst rated  i>y  the  CJram-Weigert  method. 

Cultivation. — Direct  cultivation  upon  agar  and  gelatin  plates  has 
occasiunally  been  successful.  At  the  end  of  four  or  five  days  grayi.sh- 
white,  glistening,  flat  colonies  may  appear  which  attain  a  diameter  of 
several  millimeters  within  two  week.s.  The  colon!  later  may  take  on  a 
yellowish  hue  and  begin  to  liquefy  the  gelatin.  In  bouillon  flocculent 
precipitates  and  surface  pellicles  of  interwined  threads  nuiv  ff)rm,  with- 
out cloiuling  of  the  medium.  Xorris  ami  Larkin'  found  iiiuih  ilifficulty 
in  cultivating,  but  finally  succeeded  by  making  smeare  of  the  infectious 
material    upon    fresh,   sterile   kidney-ti-ssue   of   rabbits.     The   micro- 

■  Norria  and  Larkin,  loc.  dt. 
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organisms  grew  abundantly  upon  this,  but  failed  Uj  grow  on  any  of  the 
other  tissues.  Aft<?r  growth  of  several  generations  upon  this  medium, 
cultures  were  finally  obtained  upon  agar  plates  and  upon  broth. 

Inoculation  of  cultures  into  riibbits  and  guinea-pigs  have  given  rise 
k)  subcutaneous  abscesses,  bronchopneumonia,  and  suppuration,  accord- 
ing to  the  mode  of  infection. 
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Among  the  diseases  caused  by  the  Trichoraycetes  or  higher  bacteria, 
the  most  important  is  actinomycosis.  Occurring  chiefly  in  some  of  the 
dome,stic  animats,  notably  in  cattle,  the  disease  is  observed  in  man  with 
sufficient  frequency  to  make  it  of  great  clinical  importance.  In  cattle 
the  specific  microorganism  which  gives  ries  to  the  disease  was  first 
observed  by  Bollinger '  in  1877.  In  the  following  year  Israel '  dis- 
covered a  similar  microorganism  in  human  cases. 

The  parasites  appear  in  the  pus  from  discharging  lesions  as  small 
granular  bodies,  plainly  visible  to  the  naked  eye  and  somewhat  resem- 
bling sulphur  granules,  of  a  grayish  or  of  a  pale  yellow  color.  In  sise 
they  measure  usually  a  fraction  of  a  millimeter.  Ordinarily  they  are 
soft  and  easily  crushed  under  a  cover-slip,  but  occasionally,  especially  in 
old  lesions,  they  may  be  quite  hard,  owing  to  calcification. 

Microscopically  they  are  most  easily  recognized  in  fresh  preparations 
prepared  by  crushing  the  granules  upon  the  slide  under  a  cover-slip  and 
examining  them  without  staining.  They  may  be  rendered  more  clearly 
visible  by  the  addition  of  a  drop  or  two  of  20  per  cent  potassium  hydrate. 
When  the  granules  are  calcareous,  the  additiim  of  a  drop  of  concentrated 
acetic  acid  will  facilitate  examination.  Fresh  preparations  may  be 
examinetl  after  staining  with  Gram's  stain.  Observed  under  the  micro- 
scope, the  granules  appear  as  rosette-like  masses,  the  centers  of  which 
are  quite  opaque  and  dense,  appearing  to  be  made  up  of  a  closely  meshed 
network  of  filaments.  Around  the  margins  there  arc  found  m<ii:illy 
arrangetl  striations  which  in  many  cases  end  in  characteristically  club- 
shaped  bodies.  Inside  of  the  central  network  there  are  often  seen 
coccoid  or  spore-like  bodies  which  have  been  variously  interpreted  w. 
spores,  as  degeneration  protlucts,  and  as  separate  cocci  fortuitou.-^ly 
found  in  symbiosis  with   the  actinomycea.     Individually  considered*!, 

•  Bothnger,  Deut«ch.  Zeil.  f.  Thionned.,  iii,  1877. 
'  Itrael.  Virch.  Arch. ,'  74,  1S7«,  mid  7«,  1879. 
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the  rcntral  filaments  have  approximately  the  thickness  of  an  anthrax 
bacillus  and  are,  accortiing  to  Babes,'  composed  of  a  sheath  within 
which  the  protoplasm  contains  numerous  and  different  sized  granules. 

About  the  periphery  of  the  granules  the  free  ends  of  the  filaments 
become  gradually  thickened  to  form  the  so-called  actinomycosis  "  clubs." 
These  clubs,  according  to  most  observers,  must  be  regarded  as  hyaline 
thickenings  of  the  sheaths  of  the  threads  and  arc  believed  to  represent  a 
form  of  degeneration  and  not,  as  some  of  the  earlier  observers  believed, 
organs  of  reproduction.  They  are  homogeneous,  and  in  the  smaller  and 
presumably  younger  granules  are  extremely  fragile  and  soluble  in  water. 
In  older  leaions,  especially  in  those  of  cattle,  the  clubs  are  more  re- 
sistant and  less  easily  destroyed. 

They  appear  only  in  the  parasites  taken  from  active  lesions  in  animals 
or  man,  or,  as  Wright '  has  found,  from  cultures  to  which  animal  serum 
or  whole  blood  has  been  added.  In  cultures  from  media  to  which  no 
animal  fluids  have  been  added,  such  as  glucose  agar  or  gelatin,  no  chibs 
are  found.  In  preparations  stained  by  Gram's  method  the  clubs  give 
up  the  gentian-violet  and  take  counter-.stains,  such  as  oosin. 

The  coccus-Hke  bodies  found  occasionally  lying  between  the  filaments 
of  the  centra!  mass,  most  obser\'ers  now  agree,  tlo  not  represent  any- 
thing comparable  to  the  spores  of  the  true  hyphomycctes.  In  many 
cases  they  are  unquestionably  contaminating  cocci;  in  others  again 
they  may  represent  the  results  of  tlegencratiou  of  the  threads. 

In  tissue  sections,  the  microorganisms  may  be  demonstrated  by 
Gram's  method  of  staining  ov  by  a  special  method  devised  by  Mallory.* 
This  is  as  follows  for  paraffin  sections : 

1.  Stain  in  saturated  aqueous  eosin  10  minutes. 

2.  Wash  in  water. 

3.  Anilin  gentian-violet,  5  minutes. 

4.  Wash  with  normal  salt  solution. 

5.  Gram's  iodin  solution  1  minute. 

6.  Wa.sh  in  water  and  blot. 

7.  Cover  witli  anilin  oil  until  section  is  clear. 

8.  Xylol,  several  changes. 

9.  Mount  in  balsam. 

Cultivation. — The  isolation  of  actinomyces  from  lesions  may  be 
easy  or  difficult  according  to  whether  the  pus  is  free  from  contamination 

'  Babes,  Virch.  Arch..  105,  1886. 
«y.  //.  Wright,  Jour.  Med.  Res.,  viii,  1905, 

»  MdHnrn,  Method  No.  I.  Mallory  and  Wright.  "  Path.  Tpchnifiiip."  Phila.,  IWH. 
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or  whether  it  contains  large  numbers  of  other  bacteria.  In  the  latter 
caae  it  may  be  almost  impossible  to  obtain  cultures.  The  de.scriptions 
of  methods  of  isolation  and  of  rultural  characteristics  given  by  various 
writ^TS  have  shown  considerable  differences.  The  most  ext.ensivp 
cultural  work  has  been  done  by  Bostroem,'  Wolff  and  Israel,  and  by  J. 
H.  Wright.  Hostroem  has  described  his  cultun's  as  aerobic,  but  Wolff 
and  Israel '  and  Wright '  agree  in  finding  that  the  microorganisms  iso- 


Fio.   141. — Actinomyces  Granitus    Crusbeo   Beneath  a  Covt5h-«.ii.as».     tTi»- 
Btained.    Low  power.    Shows  radial  striations.     (After  Wright  and  Bruwu.) 


lat^Hl  by  them  from  actinomycotic  lesions  grow  but  sparsely  underaen)bii' 
conditions  and  favor  an  environment  which  is  entirely  free  from  o.vygen, 
or  at  least  contains  it  only  in  small  <iuantitics.  The  method  for  isolation 
recommended  by  Wright  is,  briefly,  as  follows:  Pus  is  obtainctl,  if 
possible,  from  a  closed  lesion  and  washed  in  sterile  water  or  broth.  The 
granules  are  then  crushed  between  two  sterile  sliiles  and  examined  for 

■  Bostroem,  Bcitr.  z.  oath.  Anat.  u.  z.  allg.  Path.,  ix,  1890. 
'  Wolff  \xi\i\  iKToel.  Vircli.  Arch..  l?ll,  1S91. 
•y.  //.  Wright,  Jour.  Med.  Res.,  viii,  1905 
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the  presence  of  filaments.  If  these  nre  present  in  reasonable  abundance, 
the  material  w  distributed  in  tubes  of  glucose  agar,  wliifh  are  then 
allowed  to  solidify.  If  these  first  cultivations  show  a  large  number  of 
contaminations,  Wright  recommend.s  the  preservation  of  other  washed 
granules  in  test  tubes  for  several  weeks,  in  the  hope  that  contaminating 
microorganisms  may  thus  be  killed  by  drj-ing 
before  the  actinoniyccs  lose  their  viability. 

If  cultivation  is  successful  colonies  will  ap- 
pear, after  two  to  four  days  at  37.5°  C,  as  minute 
whiti-  specks,  which,  in  Wright's  cultures,  ap- 
peared most  ahunilantly  within  a  zone  situated 
.'j  to  H)  millimeters  below  the  surface  of  the 
medium.  Above  ami  below  this  zone  they  are 
less  numerous,  indicating  that  a  small  amount  of 
oxygen  furnishes  the  best  cultural  environment. 
Upon  the  surface  of  agar  slants,  growth,  if  it 
takes  place  at  all,  is  not  luxuriant. 

In  alkaline  meat-infusion  broth  growth 
takes  place  in  the  form  of  heavy,  flo<'rulent 
masses  which  appimrat  the  bottom  of  tin-  tubes. 
Surface  growth  and  clouding  do  not  take  place. 

Milk  and  potato  have  been  used  as  culture 
media  but  arc  not  particularly  favorable. 

Pathogenicity, — As  stated  above,  actinomy- 
cosis occurs  spontaneously  most  frequently 
among  cattle  and  liuniaa  beings.  It  may  also 
occur  in  sheep,  dogs,  cats,  and  horses.  Its  loca- 
tions of  predilection  are  the  various  parts 
adjacent  to  the  mouth  and  pharj'nx.  It  occurs 
also,  however,  in  the  lungs,  in  the  intestinal 
canal,  and  upon  the  skin.  When  occurring  in 
its  most  frequent  location,  the  lower  jaw,  the 
disease  presents,  at  first,  a  hard  nodular  swell- 
ing which  later  becomes  soft  because  of  central  necrosis.  It  often 
involves  the  bone,  causing  a  rarffjing  osteitis.  .\s  the  swellings 
break  down,  sinuses  are  fonncd  from  which  the  granular  pus  is 
discharged.  The  neighboring  lymph  nodes  show  painless,  hard  swell- 
ings. Histologically,  about  the  filamentous  knobs  or  granules,  there  is  a 
fonnation  of  epithelioid  cells  and  a  small  round-cell  infiltration.  In 
older  eases  there  may  be  an  encapsulation  in  connective  tissue  and  a 


FlO.      142. — .\CTLNO- 

MYCE8  Granule 
Crushed    Benkath    a 

CoVEH-llLASS.  U  n  - 

stained.  The  prepara- 
tion shows  the  margin 
of  the  granule  and  the 
"clubs."  (After Wright 
and  Bruvvn.) 
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calctficEition  of  the  necrotic  masses,  Icarling  to  spontaneous  cure.  As  a 
rule,  this  process  is  extremely  chronic.  Infection  in  the  hings  or  in  the 
intra-abdoniinsil  organs  is,  of  course,  far  more  serious.  When  death 
o<'curs  acuteiy,  it  is  often  clue  to  secondary  infection.  The  disease  is 
acquired  probably  by  the  agency  of  hay,  straw,  and  grain.  Uere.stnew  ' 
has  succeeded  in  isolating  actinomyces  from  straw  and  hay  which  he 
covered  with  sterile  water  in  a  potato  jar  and  placed  in  the  incubator. 
After  a  few  days  small  whit«  specks  looking  like  chalk  powder  appearc*! 
vipon  the  stalks,  which,  upon  further  cultivation,  ho  was  able  to  identify 
as  the  organism  in  question. 

.\niraal  inoculation,  carried  out  extensively  both  with  pus  and  with 
pure  cultures  by  several  observers,  has  yielded  little  result.     Progreaaive 


Fia.  143. — Branchino  Fu^AMENTS  OK  AcriNOMVCES.    (After  Wright  and  Brown.) 


actinomycotic  lesions  were  never  obtained,  although  occasionally  small 
knobs  containing  colonies  surrounded  by  epithelioid  cells  and  connective 
tiasue  were  observed,  showing  that  the  invading  microorganisms  were 
able  to  survive  and  grow  for  a  short  time,  but  were  not  sufficiently 
virulent  to  give  rise  to  an  extensive  disease  process.  Transmission  from 
animal  to  animal,  or  from  animal  to  man  directly,  has  not  been  satis- 
factorily proven. 

Whether  or  not  there  are  various  forms  of  actinomyces  must 
as  yet  be  regarded  as  an  open  question.  The  investigations  of 
Wolff  and  Israel,  however,  together  with  those  of  Wright,  who  alone 
observed  thirteen  dififerent  strains,  seem  to  indicate  that  most,  if 
not  all,  of  the  cases  clinically  observed  are  due  to  one  and  the  same 
microorganism. 

>  Berestnew,  Ref.  Cent.  f.  Bakt.,  24,  1898. 
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MTCETOMA  (MADURA   FOOT) 

The  disease  knowii  by  this  name  is  not  unlike  actinomycosis.  It 
is  more  or  less  strictly  limited  to  warmer  climates  and  was  first  recog- 
nized as  a  clinical  entity,  in  Imlia,  by  Carter.'  Clinically  it  consists 
of  a  chronic  productivo  inflamnuition  most  frequently  attackuig  the 
foot,  less  often  the  hand,  very  infrequently  other  part-s  of  the  body. 
Nodular  swellings  occur,  which  break  dow^l  in  their  centers,  leading  to 
the  formation  of  abscesses,  later  of  sinu.ses.  Often  tlie  bones  are  in- 
volved and  a  progressive  rarefj'ing  osteitw  results.  PVoni  the  sinu.ses  a 
purulent  fluid  exudes,  in  which  are  found  characteristic  granular  bodies. 
These  may  be  hard,  brittle,  and  black,  resembling  grains  of  gunpowder, 
or  may  be  grayish-white  or  yellow  and  soft  and  grumous.  Accortling  to 
the  appearance  of  thejse  granules,  two  varieties  of  the  disease  are  dis- 
tinguished, the  "meianoitl"  and  the  "ochroid."  Many  observers 
believe  that  the  yellow  or  ocliroid  variety  is,  in  fact,  actinomycosis. 
The  black  variety,  which  Ls  certainly  a  distinct  disease,  is  caused  by  a 
member  of  the  hyphomycetes  group.  The  parasite  has  been  carefully 
studied  by  Wright,'  from  whose  description  the  following  points  are 
taken : 

The  small,  brittle  granule.^  observed  under  the  microscope  show  a 
dark,  almost  opaque  center  along  the  edges  of  whicli,  filaments,  or 
liyphre,  may  be  seen  in  a  thickly  matted  mass.  By  crushing  the  granules 
under  a  cover-slip  in  a  drop  of  sodium  hypochlorite  or  of  strong  sodium 
hydrate,  the  black  amorphous  pigment  is  dissolved  and  the  structural 
elements  of  the  fungus  may  be  observed.  They  seem  to  be  composed 
of  a  dense  meshwork  of  mycelial  threads  which  are  thick  and  often 
swollen,  and  show  many  branches.  Tran.iverse  partitions  are  placed 
at  short  distances  and  the  individual  filaments  may  be  very  long. 
Spores  were  not  obsers'ed  by  Wright.  In  a  series  of  over  fifty  cultiva- 
tions on  artificial  media  from  the  original  lesion,  Wright  obtained  growth 
in  a  large  percentage. 

In  broth,  he  obtained  at  first  a  rapiil  growth  of  long  hyphaj  which 
eventually  formed  a  structure  which  he  compares  in  appearance  to  a 
powder-puff. 

On  agar,  growth  appeared  within  less  than  a  week  and  spread  over 
the  surface  of  the  medium  as  a  thick  meshwork  of  spreading  hypha 

'  Carter  on  Mycelonm,  etc..  London,  1874. 
»  Wright,  Jour,  of  Exi>or.  Metl.,  3,  1898. 
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of  a  grayish  color.  In  old  cultures  black  granules  appeared  among 
the  mycelial  meshes. 

On  potato,  he  observed  a  dense  velvety  membrane,  centrally  of  a  pale 
brown,  white  at  the  periphery.  Small  brown  droplets  appeared  on  the 
growth  in  old  cultures. 

Animal  inoculation  with  this  microorganism  has  so  far  been  un- 
successful. 


CHAPTER  XLV 
THE  YEASTS 
{Blastomycetes,  Saccharomycetes) 

The  yeasts  or  blastomycetes  form  a  distinctive  family  among  uni- 
cellular microorganisms,  characterized  essentially  by  their  mi'thoii  of 
multiplication  by  budding.  By  this,  they  are  sharply  separated  from 
the  bacteria.  Their  differentiation  from  the  higher  fungi,  the  hypho- 
mycetes,  however,  is  less  definitely  established,  since  the  chief  character- 
istic of  this  latter  class,  the  formation  of  hyphic  and  mycelial  threads,  has 
occasionally  been  described  for  some  of  the  forms  othei-wise  identified 
with  the  yeasts.  It  is  probable  that  a  gradual  transition  between  the 
two  families  exists,  represented  by  a  number  of  connecting  forms,  some- 
times spoken  of  as  oidia.  For  the  practical  puiposes  of  the  bacteriolo- 
gist, the  yeast  family  is  sufficiently  distinct,  both  morphologically  and 
biologically,  to  make  a  separate  classification  extremely  u.seful. 

The  j'east  ceil,  as  a  rule,  is  oval,  but  among  the  wild  yeasts,  or 
"torula;,"  spherical  forms  are  coiumou.  In  size,  great  variations  occur, 
but  in  general  the  yeasts  are  much  larger  than  bacteria,  measuring  usually 
from  10  to  20  miera  in  length  with  a  width  of  about  one-half  or  two-thij-ds 
of  the  long  diameter.  They  possess  a  well-defined,  doubly-contoured 
cell-membrane, composed  chiefly  of  cellulose,  and  their  body  protoplasm, 
unlike  that  of  the  bacteria,  shows  definite  structure.  \Vithin  a  mass 
of  finely  granul  arcytoplasm,  a  number  of  highly  refractive  globules  and 
vacuoles  may  be  observed.  Some  of  the  globules  have  been  interpreted 
as  fat^droplets.  Other  granules,  revealed  by  special  staining  methods, 
are  interpreted  as  nuclear  material. 

When  budding  takes  place,  the  mother  cell  sends  out  a  small, 
globular  evagination  of  the  cell  membrane  into  which  maternal  proto- 
plasm flows.  This  bud  gradually  enlarges  until  it  has  attained  appro.xi- 
mately  the  same  size  as  the  original  cell.  Until  that  time,  free  inter- 
communication between  the  protophusm  of  mother  and  daughter  cell 
exists.  Finally,  by  gradual  narrowing  of  the  isthmus  connecting  the 
two,  the  daughter  cell  becomes  complete  and  free.     By  some  observers 
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definite  karyokinetic  changes  in  the  nuclear  structures  have  been  de- 
scribed as  accompanying  the  budtUng  process.  This  observation,  how- 
ever, has  not  been  gcncrallj'  confirmed.  Under  conditions  of  special 
stress,  such  as  unfavorable  environment  or  lack  of  nutrition,  most 
yeasts  possess  the  power  of  forming  spores.  These,  called  "  asco8por*«s," 
are  foniied  within  the  yea^t  ct'll  itself,  each  spore  forming  a  separate 
membrane  of  it.s  own,  but  all  of  them  lying  well  protected  within  the 
original  cell-membrane.  The  number  of  ascospores  formed  ia  constant 
for  viich  species,  and  rarely  exceeds  four. 

The  yeast«  have  b(H>n  studied  most  extensively  in  connection  with 
fermentation  and  are  industrially  of  great  importance  in  the  production 


Fto.  144. — Yeast  Czub.    Young  culture  unatained.    (After  Zettnow.) 


of  wine  and  beer,  .\lthough  Schwann,  as  early  as  lf>37,  recognized  the 
fact  that  many  fermentations  coidd  not  occur  without  the  presence  of 
yeast,  it  was  not  until  considerably  later  that  the  study  of  yeast  fermen- 
tation was  put  upon  a  scientific  basis.  The  typical  fermentative  action 
consists  in  the  transformation  of  sugar  into  ethyl  alcohol  according  to 
the  following  formula: 

C,  H„  O,  =  2  C,  H,  OH  +  2  00, 

The  enzjTne  by  which  this  fermentation  is  produced  is  known  as  "zy- 
mase," and  Is,  aceordins  to  Buchner.  in  most  cases,  an  endo-enz>-me 
which  may  be  procured  from  the  cell  by  expression  in  a  hydraulic 
press.     In  addition  to  this,  however,  the  various  yeasts  also  produce 
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other  ferments  by  means  of  which  they  may  split  higher  carbohydrates, 
such  as  saccharose,  maltose,  and  even  starch,  and  prepare  them  for 
action  of  the  zymase.  The  manner  in  which  thLs  is  accomplished,  and 
the  by-products  which  are  formed  during  the  process,  var}'  among 
different  species,  arid  it  is  for  this  reason  that  the  employment  of  pure 
cultures  is  of  such  great  importance  in  the  wine  and  beer  industries 
where  differences  in  flavor  and  other  qualities  may  be  directly  dependent 
upon  the  particular  species  of  yeast  employed  for  the  fermentation.  It 
is  due  to  the  work  chiefly  of  Past«ur  '  and  of  Hansen  '  that  the  beer  and 
wine  industries  have  been  carried  on  along  exact  and  .scientific  lines. 

\h  the  incitants  of  disea-se  in  man,  the  yea.sts  have  been  much  studied 
since  1894,  when  Busse '  reported  a  case  of  fatal,  generalized  yeast  in- 
fection, beginning  from  a  tibial  bone  abscess.  The  niieroorganism  which 
was  found  in  this  case  he  named  "  Saccharomyces  honiinis."  In  morpho- 
logical and  biological  characters  it  appeared  to  be  a  typical  yeast,  grew 
readily  upon  most  artificial  media,  and  produced  active  fermentation  in 
sugars.  Mycelia  were  not  observed.  \Mu'n  inoculated  into  animals, 
this  yeast  proved  pathogenic  for  mice  and  rats.  A  peculiarity  of 
Bussc's  culture,  ob.served  since  then  in  the  ca.se  of  many  pathogenic 
yeasts,  was  the  formation  of  gelatinous  capsules,  of  varying  thicknesses, 
about  the  individual  cells,  developing  with  particular  luxuriance  in  the 
animal  lesions. 

In  1896,  Gilchrist  *  described  a  peculiar  skin  disease,  which  he  spoke 
of  as  pseudo-lupus  vulgaris,  in  the  lesions  of  which  he  demonstrated  a 
large  number  of  round,  doubly-contoured  bodies  which,  though  differing 
somewhat  from  Basse's  saccliaroniyce.H,  were  unquestionably  niembere 
of,  or  closely  related  to,  the  family  of  blastomycetes. 

In  the  same  year,  Curtis,'  in  France,  i.solated  a  similar  form  from  a 
myxoma  of  the  leg.  Ophiils  "  has  de.scribed  a  nujnher  of  fatal  ca-ses 
occurring  in  California,  which  at  first  were  wrongly  interjjreted  as 
protozoan  in  origin,  hut  later  were  dctemn'ned  by  him  to  be  eausetl 
by  a  species  of  blastomycetes.  In  a  ca.se  observed  by  Zins.ser '  simi- 
lar mieroorganisras  were  isolated  from  an  abscess  of  the  back,  which 
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140,  1895. 


'  PaMeur,  "  fttudes  mir  la  hi*n?."  Paris,  1876. 
*tlanaen,  "  Prac.  .Stu(liR.s  in  Femipntation,"  London, 
•  Bugiie,  Cent.  f.  Bakt..  I,  xvi,  IS94,  and  Virch.  .\rch., 
*Gilchngt.  Bull.  John.s  Hopkins  Hn.sp.,  vii,  1896. 
'CuHi«,  Ann.  de  I'inst.  Pa.»tcur,  m,  1896. 
'OphiiU,  Jour.  Exp.  Meri..  (i.  I<K)1. 
»  Zintaer.  Proc.  N.  Y.  Path.  .Soc,  vii.  1907. 
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in  almost    nil    respt-rts  corresponded    to  CiOchrist's   cultures.     Animal 
inoculation  in  rabbits  and  puinr-a-piKS  proved  positive  in  this  case  and  ' 
the  organism  seemed  to  show  selective  action  for  the  lun^  and  spleen. 
In  the  lun^s  of  the  animals,  especially,  lesions  were  found  with  surpris- 
ing regularity  even  when  the  inoculation  was  made  intraperitoneally. 

Cases  of  blastomvcotic  infection  in  man  have  been  reported  in  large 
numbers  and  appear  to  he  less  rare  tlian  they  were  formerly  believed  to 
be.  The  clinical  cour.se  of  the  diseiLse  is  by  no  means  unifonn.  .\  well- 
defined  clinical  picture  .seems  to  characterize  the  cases  of  blaatomyeotic  | 
dcnnatitis  first  ile.scribed  liy  Ciilchrist.  The  eruption  is  ven,'  chronic  ' 
and  begins  usually  as  a  small  pimple  or  papule  with  nmderate  induration 
of  the  skin.  Scabs  and  pustules  then  form,  which  discharge  yellowish- 
white  pus.  .\s  the  lesion  slowly  spreads,  the  older  areas  show  a  tendency 
to  spontaneous  healing.  In  Gilchrist's '  case,  it  took  four  years  for  the 
lesion  to  spread  two  inches.  When  rot  purely  cutaneous,  bla.stomycotie 
infection  takes  the  form  of  chronic  aljscess  formation  occurring  in  various 
pails  of  the  body.  In  the  latter,  metastatic  lesions  in  the  lungs  liave 
been  occasionally  obser\ed,  and  in  one  case  cited  by  Ophiiis,'  the  lung 
seemed  to  have  l)een  the  primary  focus. 

The  fact  that  bltistumycetes  have  frequently  been  found  in  tumor 
tissue  has  led  several  Italian  observers'  to  assume  an  etiological 
relationship  between  these  microorganisms  ami  malignant  growths. 
.\bsolutely  no  .satisfactory  evidence  in  favor  of  such  a  belief  has 
been  advanced,  however,  and  the  yeasts  in  these  contlitions  must  be 
regarded  as  purely  fortuitous  findings. 

In  animals,  diseases  caused  by  members  of  the  yeast  family  have 
been  re]>orted  by  various  ob.servers.  The  most  important  conmiunica- 
tion  of  this  kind  is  by  Tokishige,'  who  found  these  microorganisms  in  a 
imdiilar  skin  dLs<'a.se  occurring  among  horses  in  Japan.  .Sanfelice* 
has  isolatwl  similar  micmorganisms  from  the  lymph  glands  of  n  liurse 
which  was  appan-ntly  suffering  from  a  prinuuy  carcincjina  of  the  liver. 
The  same  author  has  described  a  inemberof  this  group  which  he  obtaincxi 
from  a  cheesy  consolidation  occuriing  in  the  lung  of  a  hog. 

Demonstration  of  the  organisms  offers  little  difficulty  either  in  fresh 
preparations  of  the  pus  under  a  cover-slip,  or  in  smears  stained  with 
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'  Hirfitril  finil  (lilrhrtHl,  Johiui  Ilojikins  llosp.  Rep.,  i,  1896. 

•  OphiiUi,  loc.  cit. 

*SanJ,l\ee.  OiU.  f.  Bakt.,  I,  xxxi,  19()2. 
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thionin,  methylene-blue,  or  the  polychrome  stains.  In  fresh  prepara- 
tions the  addition  of  a  little  NaOlI  in  weak  solution  facilitates  the 
search.  Wlien  found,  the  organisms  are  easily  recognized  by  their  size, 
their  highly  refractive  doul)ly-coiituiireil  celj-nienibninc,  their  vacuolated 
protoplasm,  and,  most  important,  by  the  discovery  of  budding  forms. 
In  tissue  sections  they  are  recognizable  by  the  ordinarj^  heniatoxylin- 
eosin  technique,  but  may  be  better  dcinonstratctl  by  the  Lw-ffler  niethy- 
Icne-bluc  method  in  u.se  for  bacterial  tissue-staining.  E.xcellent  prep- 
arations are  obtained  by  staininf;  frozen  sections  with  thionin,  a  method 
well  adapted  for  the  demonstration  of  cii]>sules. 

The  cultivation  of  the  blastoraycetes  is  comparatively  easy  after 
they  have  once  been  obtainerl  in  pure  cidture.  Their  isolation,  however, 
usually  is  ilifficult  wlicii  they  occur  in  nuUerial  cotitaniinateii  with  bac- 
teria. Growing  more  slowly  than  the  bacteria,  ciUtures  taken  from  such 
contaminated  materijU  usually  show  verj-  few  j'east  colonics.  No  special 
methods  of  facilitating  the  procedure  have  been  deviseri,  but  8ueees.s 
will  often  attend  painstaking  anil  oft-repeated  plating  of  the  mixed 
cultures  in  high  dilution.  The  most  favorable  meilium  for  this  process  Is 
glueo.se  agar.  When  onc(^  obtained  in  pure  culture,  the  bla.stoniycetes 
can  nnidily  be  kept  alive  for  indefinite  periods  by  transplantation  re- 
jx-ated  ever>'  two  cr  three  months.  On  nijnr  or  glucose  agai-,  colonies 
appear  after  about  three  or  four  days  as  minute,  glLsteuing,  white 
hemispherical  spots  which  arc  not  unlike  colonies  of  staphylococcus 
albus.  Planted  in  agar  stab  cultures,  the  microorganisms  indicate 
their  preference  for  a  weU-oxj'genated  environment  by  growing  but 
slightly  along  the  course  of  the  stab,  but  by  heaping  up  in  a  thick, 
creamy  layer  upon  the  surface  of  the  medium.  This  layer  in  old 
cultures  may  be  a  quarter  of  an  inch  high.  At  first  white,  the 
growth,  after  three  or  four  weeks,  may  turn  distinctly  yellow  or  even 
brown.  In  broth,  the  microorganisms  form  a  stringy,  gelatinous,  and 
uneven  cloud.  On  LtwjPer's  blood-scrum  media,  and  upon  gelatin, 
growth  is  easily  obtained.  The  gelatin  is  not  liquefied.  Sugar  media 
are  fennentcd  by  few  of  the  pathogenic  blastomycetes,  a  fact  which 
places  them  rather  in  distinct  contrast  with  the  fennenting  yea.sts  used 
in  the  industries. 

Great  and  fundamental  differences  seem  to  exist  between  the  patho- 
genic species  described  by  various  observers,  and  attempts  at  system- 
atizing the  various  members  of  the  group,  such  as  that  by  Rickets,' 
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have  met  with  almost  insurmountable  obstacles.  Some  of  the  fortaa 
described,  like  that  of  Busse,  have  fermented  sugars  and  have  not 
formed  mycolia,  while  organisms  like  that  of  Gilchrist  did  not  cause 
fermentation  in  carlx)hy<irate  media,  but,  by  their  formation  of  my- 
celia  under  certain  conditions,  have  indicated  their  close  relationship 
or  possibly  their  identity  with  the  oldia,  transitional  forms  between 
the  yeasts  and  the  hj'phomycet«8.  It  is  thus,  in  the  light  of  our  pres- 
ent knowledge  of  these  microorganisms,  quite  impossible  to  establish 
witliiii  this  group  a  distinct  classification  that  is  at  all  reliable. 

In  considering  the  possible  origin  of  blastomycotic  infection  in 
animals  and  man,  it  is,  of  course,  important  that  we  should  have  some 
knowledge  as  to  the  pathogenic  properties  of  the  yeast  met  with  and 
dandled  hi  daily  life.  Rabinowitsch,'  with  this  in  view,  has  investigated 
the  pathogenic  properties  of  fifty  different  species  of  yeasts  obtainf"d 
from  fruit,  manure,  dough,  and  other  sources,  and  among  them  found 
only  seven  varieties  that  had  any  patliogenirity  for  rabbits,  mice,  or 
guinea-pigs.  In  most  of  her  successful  inoculations,  however,  the 
disease  produced  in  the  animals  had  but  verj'  little  resemblance  to  thf 
blaKtomycotic  conditions  observed  in  man. 
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CHAPTER  XLVI 

HYPHOMYCETES 

(Eumyceks,  Molds) 

The  hyphomycetea  or  molds  interest  the  bacteriologist  chiefly 
because  of  the  frequency  with  which  they  appear  as  contaminants 
during  bacterial  cultivation,  and  because  they  play  the  rAie  of  incitants 
in  a  few  common  diseases  of  the  skin  and  mucous  membranes. 

Morphologically  they  are  entirely  distinct  from  and  much  more 
complex  than  the  bacteria.  To  the  yeaft.s  they  are  more  closely 
relatinl,  the  gap  between  the  two  chisses  being  bridged  by  certain 
forms  often  spoken  of  as  "oidia"  which,  though  asually  appearing  in 
the  budding  yeast-form,  may  occasionally  grow  out  in  mycelial  thread.". 
The  characteristic  featim;  of  the  hyphom\cetes  as  a  class  is  the 
formation  of  long,  interlacing  filaments  or  threads,  known  as  mycelia. 
From  these,  branches  come  off  which  are  spoken  of  as  "  hypha\"  Each 
mycelial  thread  po.s.se.s.ses  a  well-marked,  doubly-contoured  sheath  or 
cell-wall  and  a  finely  granular  protoplasmic  cell-body,  which,  in  some  of 
ihc  forms,  is  multinucleated. 

Two  main  das-ses  of  hyphomycetes  arc  distingui.shed,  the  pki/comy- 
celes,  and  the  soK-alletl  higher  forms,  or  mijcomycetex.  The  fonner  class 
is  characterized  by  the  fact  that  no  partitions  exist  within  the  mycelial 
threads  or  hypha?,  the  entire  meshwork  of  a  single  micronrgani.sm  con- 
sisting of  one  multinucleated  cell.  This  group,  furthermore,  possesses 
the  power  of  reproduotion  by  both  a  sexual  and  an  asexual  process. 
The  second  class,  or  the  mycomycetes,  possess  a  mycelial  meshwork 
which  is  divided  into  numerous  partitions,  and  reproduces  usually  by 
the  asexual  process  only. 

The  process  of  reproduction,  upon  the  basis  of  which  the  .separation 
J  of  groups  within  this  cta.ss  is  determined,  is  best  illustrated  by  citing  a 
j^K  common  example  of  each  of  the  main  divisions. 

^H  As  an  example  of  the  phycomycetes,  the  division  mo.st  commonly 
^H  met  with  upon  contamimited  gelatin  plates,  or  upon  exposed  ami  moist 
^H  organic  matter  of  any  description,  is  the  one  spoken  of  as  the  muco- 
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rina.  Most  foiTns  bflongin;:;  to  this  division  appear,  p'os'^Iy,  as  a 
light,  cotton-liki'  Huff,  spreading  in  a  thin  fur  over  the  surface  of  the 
culture  mfdium.  Exanibicd  with  the  low  power  of  a  microscope,  there 
may  be  seen  a  poniijlicatod  network  of  fine  mi/celinl  thread/),  which  show 
no  septa  and  from  which  delicate  hyphal  branches  arise.  In  the  foniiu- 
tion  of  the  asexual  spore  organs  near  the  tip  of  each  hypha  a  septum 
appears.  The  tip  of  the  hyjiha  then  gradually  enlarges  and  furnis  a 
spherical  capsule  which  is  known  as  the  sporangium.    The  unswollen 


Fio.  145. — MccoB  MUCKoo.    Single-celled  mycelium  with   three   hyphje  and 
one  developed  sporangium.    (After  Kny,  from  Tavel.) 


portion  of  the  hypha  which  projects  into  the  sporangium  is  spoken  of 
as  the  columella.  Within  the  sporangium,  a  large  number  of  small, 
round  spores  are  formed.  When  these  are  ripe,  the  wall  of  the  spor- 
angium bursts  and  the  spores  escape.  Upon  suitable  media,  then,  new 
mycelia  develop  from  these  spores.  The  sexual  reproduction,  which  oc- 
curs in  this  group,  takes  place  in  the  following  way:  From  two  hyph», 
placed  hi  close  appo.-^ition,  lat^-ral  branches  grow  toward  ench  other. 
These  are  spoken  of  as  gamctopkores.  The  tips  of  the  gametophores 
soon  come  in  contact  and,  for  a  time,  their  protoi)la.sm  frot:>ly  inter- 
communicates. Septa  are  then  formed  which  cut  off  from  the  origioAl 
byphsD  a  central  cell,  the  zygonporc.    This  zygospore  gradually  enlarges 
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and,  under  favorable  conditions,  sends  out  a  branch  which  tcnninattw 
in  a  non-sexual  siwraugium. 

Among  the  higher  molds,  or  mycomycetes,  variouu  mfthn<ls  of 
sporuiation  occur,  but  sexual  reproduction  does  not  usually  take  place. 

One  of  the  most  commonly  found  genera  is  that  of  Pcmcillium.  In 
this  form  the  mycelial  threads  are  partitioned  off,  by  many  transverse 
septa,  into  a  nimiber  of  separate  cells.  From  these,  hypha^,  also  si^p- 
tatc,  are  given  off.  From  the  ends  of  these  hyphie,  germinating 
branches  arise  which  are  known  as  conidtophores.  These  conidiophoi-es 
divide  into  two  or  three  septate  branches,  the  sleriginata.     From  the 
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146. — Mecca   mucedo.      1.  Sporangium,    c.    eohimella,    m.    aportingiiim 
sp.  sports.     2.  Coluinellu,,  after  hursting  of  sponingiuin.     3.  Poorly  de- 
sporangia.    4.  Germinating  spore.     5.  Emptying  of  sporangitmi.      (After 
) 


ends  of  these,  other  sterigmata  may  be  given  off  and  from  the  tip  of 
each  of  these  a  single  chain  of  spores  or  conidia  are  constricted  off. 
The  result  is  an  appearance  not  unlik('  a  hand  in  which  the  wrist 
represents  the  conidiophore;  the  metacarpal  bones,  the  sterigmata;  and 
the  fingers,  the  long  streptococcus-like  chains  of  conidia. 

Similar  to  and  even  more  common  than  the  penicillia  are  the  varieties 
known  an  AspergiJlus.  These  forms,  like  the  preceding,  form  delicate 
mycelial  meahworks  from  which  branches  or  conidtophores  about  3-10 
mm.  in  length, arise.  These  develop  clulvshaped  e.\]>ansion9  at  their  free 
ends  and  from  these  club-shaped  expansions  radially  arranged  sterig- 
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nuUa  arise.     On  the  ends  of  these  sterigmata  spores  or  conidia  uevelop 
similar  to  those  develope<l  by  ponicilliuni. 

Other  foi-ms  of  sporulation  occur  within  this  group.  Thus,  tubuhir 
spore  capsules  may  be  fonned  within  the  end  segments  of  the  hj'pbji-. 
known  as  ascosporc^.  In  other  cases,  within  a  mycelial  threa*!,  a 
swelling  may  take  place  into  which  protoplasm  flows  from  tlie  neighbor- 
ing ceUs,  at  both  ends.     In  this  way,  an  oval  spore  case  is  dcvelopeil 
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Pia.  147. — Mucott  mucedo.  Formation  of  xygoapore.  1.  Two  branches  eo*- 
lescing.  2  and  3.  Proopss  of  conjugation.  4.  Ripe  zyguspore.  5.  Gemtinatiim 
of  zygospore.  6  and  7.  Muntr  erectus.  Aiygo  !i|H>nilnliun.  No  two  brancliM 
meet,  but  form  sfHinw  witliout  conjugation.  8  ami  9.  ,\funir  ieniti*.  Atyga 
sporulation.  The  spores  grow  out  from  side  branches  without  sexual  union.  (1-6 
aft«r  Brefeld;  6-0  aft«r  Bainier,  from  Tavel.) 

within  the  course  of  the  mycelial  thread.  This  is  known  as  a  chtamy- 
dosparc.  The  segments  on  each  side  of  the  chlamydosporu  die  out 
and  the  spore  capsule  is  liberated  from  the  mycelium. 

The  classification  of  the  various  divisions  of  the  hyphomycetes  Ls  a 
problem  re<juiring  much  study  and  great  Iwtanical  insight,  and  can 
hardly  be  discus.'»c^  in  a  general  work  on  bacteriologj'. 

Upon  artificial  media,  the  members  of  this  group  are  not  ut  all 
fastidious,  growing  easily  upon  organic  matter  of  all  kinds,  prx>vidi>d 
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tmoisture  is  present.  In  laboratories  they  arc  frequently  found  as  con- 
'  taminants,  and  in  order  to  procure  lluni  fur  purposes  of  wtudy  it  i.s  only 
necessary  to  expose  agar  or  gelatin  plates  in  a  dust}',  dark  corner.  In 
households  they  are  frequently  found  growing  in  store-rooms  ujion  stale 
bread,  shoes,  leather  trunks,  an<l  on  rcmiiant-s  of  food.  Most  of  them 
prefer  an  acid  environment  and  are  dependent  upon  a  free  supply  of 
oxj'gen.  At  room  temperature  they  grow  more  readily  than  at  the 
usual  incubator  temperature. 


DISEASES  CAUSED  BT  BYFH0M7CETES 

Pityriasis  versicolor  (MicrosporoJt  furfur). — Pityriasis  is  a  disease 
of  the  skin  observed  chiefly  among  persons  living  under  conditions  of 
uncleanliness,  or  among  those  who  combine  these  contlitions  with  a 
tendency  to  profuse  perspiration.  It  begins 
as  a  small,  light  brown  or  yelbwish  patch 
upon  the  skin  of  the  abdomen,  breast,  or 
back,  is  flat  and  barely  raised  from  the  cuta- 
neous surface.  It  spreads  and  coalesces  with 
similar  spots  until  the  entire  area  resembles 
stronglj'  the  figures  of  a  map  with  irregular 
continents  and  islands.  The  disease  does 
not  penetrate  into  the  skin  itself,  but  consists, 
as  Plaut  has  pointed  out,  of  a  simple  sapro- 
phytism  of  the  inciting  agent  upon  the  skin. 

The  condition  is  cau.'^ed  by  a  member  of 
the  group  of  Hj'phomycetes,  discoveretl   in 
1846  by  Eichstedt,  and  later  named  Micro- 
sporon  furfur.      The  microorganism  consists 
of  a  dense  meshwork  of  mycelial  tlireads, 
from   which  septate   hj^ih^e   arise   in    large 
numbers.     From  the   ends  of  these,  spores 
arise  in  rows,  after  the  manner  depicted  for 
penicilliura  (Fig.  149).     The  hyphce,  accord- 
ing to  Unna,'  show  a  characteristic   bending  at  right  angles,  due  to 
a  slight  flattening  of  their  diameters.      Characteristic  of  the  micro- 
sporon  proper,  in  preparations   made  from  cutfineous  scrapings,  are 
the  fragments  of  bent  hyphtc  and  the  large  numbers  of  free  spores. 


»  Unna,  "HistopathoL  of  Skin,"  tranal.,  N.  Y.,  Macmilliin,  1896. 
42 


Fig.  148. — Mucor  ramo- 
Bvs.  Ri(>e  aponuiKia  on 
columellie.    (After  Lindt.) 
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Cultivation  of  Microsporon  furfur  lias  been  successfully  carried 
out  by  many  observers.'  Growth  is  particularly  characteristic  uixin 
potato,  white  or  j'eilowish-whit«  colonies  appesiring  within  foiu"  or  five 
daj's  and  rapidly  spreading  over  the  entire  surface  of  the  potato. 

Thrush  (Soor  or  Mugiui;  Oidium  albicans). — Thrush  is  a  localixrd 
disease  of  the  mouth  occurring  must  frequently  in  children  suffering 

from  malnutrition  or  it  occurs,  under  con- 
ditions of  uneloanline.'w,  upon  an  area  of 
catarrhal  inflammation  of  the  mucous  mem- 
brane. 

The  microorganism  which  causes  the 
condition  was  first  described  by  Langenbeck 
in  1839,  and  has,  since  then,  been  studied 
by  many  observers.  It  was  8ucces.sfu!ly 
cultivated  by  Grawitz*  in  1886  and  ri-cog- 
nizcd  by  him  as  belonging  to  the  hypho- 
myceti'S.  The  most  careful  cultural  studies 
which  have  bf-en  made  upon  the  Oidiiun 
albicans  are  tho.se  of  Linos-sier  and  Iloux.' 

Mori)holugically,  the  oidium  consi.-sta  of 
budding  ce\]»,  resembling  those  of  yeast, 
which,  under  certain  conditions,  can  pro- 
duce mycclia  and  hyphae  from  which 
spores  are  developed.  Two  main  varieties 
are  described,  that  which  produces  large 
spores  and  liquefies  gelatin  in  culture,  and 
that  which  gives  rise  to  smaller  sptires  and 
fails  to  liquefy  gelatin.  In  many  cases  only 
the  yc-ast-like  budding  cells  can  be  found; 
these,  however,  when  subjected  to  unfavor- 
able cultural  comiitions,  may  be  induced  to 
send  out  hyphie  and  form  spores.  Like 
yeasts,  but  to  a  lesser  degree,  the  Oidium 
albicans  causes  fermentation  in  sugars.  It 
develops  best  under  slightly  acid  conditions 
and  in  the  presence  of  free  oxj'gen,  upon  gelatin  and  agar. 

Tropical  Sprue. — Spme  is  a  disease  common  in  the  West  Indies, 

'  Kotjar,  Rpf.  Baumf!iirt«n'8  Jahresbcricht,  1892. 

'Gratiritz,  Vircli.  Arch.,  1886. 

»  Lirutasirr  el  Boiu,  Coniptcs  rend,  de  I'acad.  dee  ad.,  1889. 


Fio.      149. — I>ENicn.uirM 

aLAUCcM.  A. Showing  si'pt ate 
myoelia.  B.  End  of  a  hyi)ha 
— branching  into  two  conidio- 
phores,  from  which  are  given 
off  the  sterigmafn.  From  the 
ends  of  these  are  developed 
the  round  conidia.  (After 
Zopf.) 


UYPIIOMYCETES 

^sia,  and  the  South  Sea  Islands.  It  is  eharnnterized  bj'  recnrrent  at- 
jcks  of  diarrhea,  which  are  aceomiianied  ia  Jtiany  cases  by  a  charac- 
eristic  intJanimalion  of  the  tonfrue.  It  runs  a  prolonj^ed  course,  but 
18  freipifntly  fatal.  Ashford '  lias  isolated  from  the  tonpne  and  from 
the  stools  of  200  patients  an  orsiaui.sm  which  be  calls  Mnnilin.  It 
occurs  at  tirst  as  a  round  yeast-like  body,  which  soon  has  a  tendency 
to  fonii  niycelia.  It  reproduces  both  by  side  buds  and  by  terminal 
conidia.  It  is  isolated  on  Saboureaud's  4  per  cent  glucose  agar  with  a 
reaction  of  -}-  2  per  cent. 


10.  160. — Abpeboillos  OLAncos.        711.  Mycelial  threads.        «.  Sterigraata. 
r.  Ascospore.     p.  Germinating  conidium.     ^1,  .Aaeua.     (.\fter  de  Bury.) 


On  this  nrediuni  it  forms  clean-cut,  round,  hemispberica!,  creamy- 
white,  refractive  colonies.  In  }iclatiii  stabs  it  grows  along  the  line  of 
puncture  with  fine  hair-like  lateral  shoots.  It  does  not  liquefy  gelatin. 
It  turns  milk  alkaline  ami  docs  not  coayulnte  it.  It  produces  acid  and 
pas  on  plucose,  nudto.se,  levulose.  saccharose,  and  galactose,  but  does 
not  ferment  other  sugar  media.  On  passage  through  laboratory  ani- 
Mials  (rabbits,  guinea-pigs'!  it  produces  a  systemic  mycosis  and  grad- 
ually increases  in  vinilenee.  Willi  these,  passage  strains,  stomatitis, 
and  diarrhea  may  be  produced  by  feeding.  Diarrhea  was  also  pro- 
duced in  a  monkey  by  feeding.    The  organism  loses  its  virulence  on 

«  Ashford,  Am,  Jour,  of  Med,  Sc,  1915,  cl,  p.  680. 
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pmNiniit'd    cultivation.      The    etiolopical    relationsbip    of    Ashfonl's 
MoHilia  to  Sprue  is  not  as  yet  generally  accepted. 

FaTns  (Adiorion  Schoenleinii) . — Faviis  is  a  disease  attacking  chiefly 
the  hairj-  portions  of  the  body  of  man  and  some  domestic  animals. 
In  man,  it  is  found  most  fre(|uently  in  undernourished  children  upon 
the  scalp.  It  is  a  disease  of  extremely  chronic  conrse  and  is  very  re- 
sistant to  treatment.  Eepinninir  as  a  small  erj'thematous  spot,  it  soon 
develops  into  small  sulphur-yellow  cupped  crusts,  which  are  placed 
usually  about  the  base  of  a  hair.  These  may  spread  and  coalesce.  The 
small  indented  crust  is  spoken  of  as  a  scutulum.  When  such  a  scu- 
tulum  is  removed  and  examined  under  a  micrascope,  teased  out  in  a 
few  drops  of  strong  sodium  hydrate  solution  (20  per  cent),  the  incitant 

of  the  disease  may  be  easily 
recognized  and  studied.  In  such 
a  preparation  the  center  of  the 
scutulum  is  found  to  be  made 
up  chiefly  of  small  doubly-con- 
toured spores,  which  are  irregu- 
larly oval  or  round,  and  may  be 
arranged  in  chains,  lying  scat- 
tered among  an  extremely  dense 
meshwork  of  fine  mycelial 
threads.  Toward  the  periphery 
of  the  scutulum,  the  spores  are  less  numerous  and  tlie  looser  arrange- 
ment of  the  meshwork  permits  us  to  distinguish  distinct  filaments  of 
mycelia  which  give  off  hyphie,  the  ends  of  which  are  often  swollen 
into  small  knobs.  The  interior  of  the  scutulum  usually  contains  a 
pure  culture  of  the  fungus. 

Many  varieties  of  achorion  have  been  described,  but  Plant '  believes 
that,  at  the  present  time,  it  is  not  possible  to  separate  these  from  one 
another,  owing  to  the  fact  that  selective  cultivation  has  succeeded  in 
altering  many  of  the  characteristics  displayed  by  many  of  the  strains. 
The  same  observer  recommends  the  following  method  for  obtaining 
pure  cultures  of  this  microorganism.  As  much  of  the  material  as 
can  be  conveniently  obtained  is  gently  nibbed  up  in  a  sterile  mortar 
with  fine  sand  or  infusorial  earth.  The  triturated  material  is  then 
inoculated  into  fluid  agar  and  plates  are  poured. 

Ordinary  streaked  plates  upon  agar  may  also  be  used  with  succesii 
with  material  directly  from  the  centers  of  scutula. 


Fio.  151. — Thrush.     Ofdium  albicans, 
unstained,     (.\fter  Zottnow.) 


I 


'  Pktul,  in  Kolle  und  Waiswrrnaim's  "  Hftndbuoh,"  I. 
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The  achorion  grows  best  upon  iicid  agar  at  a  temperRture  of 
37.5°  C.  Growth  appears  witliiii  from  forty-eight  lioiirs  to  three  days 
as  yellowish  disks,  which  occasionally  may  be  slightly  furred  with 
aerial  hyiihan 

Bingworm  {Trichophyton  tonsurans) . — Ringworm,  Tinea  circinnta, 
or  Herpes  tonsurans,  is  a  cdntagious  disease  of  the  skin  and  hair,  oeeur- 
ring  most  frequently  in  children  and  appearing  upon  the  haired  por- 
tions of  the  body  as  well  as  upon  free  skin.  It  is  characterized  by  the 
formation  of  circular  scaly  patches,  witliin  which  the  hairs  fall  out. 

The  disease  is  caused  by  several  species  of  the  trichophyton,  a  genus 
of  hyphomyeetos.  These  mirToorganisnis  were  first  recognized  n.s  in- 
citants  of  the  disease  by  Oniby  '  in  LS41,  and  were  studied  later  by 
Sabouraud."  The  fungi  consist  of  finely  interlaced  narrow  septate 
mycelia,  within  which  characteristic 
swellings  ajipear.  From  these  swell- 
ings, ehlamydospores  develop.  ITyplup, 
both  aerial  and  deep,  grow  out  of  the 
mycelial  threads,  on  the  ends  of  which 
ascospores  may  develop.  In  the  dis- 
eased skin,  the  fungi  grow  within  the 
hair  sheath,  causing  an  area  of  second- 
ary inflammation  about  the  base  of  the 
liair.-  The  infection  iirohahly  liegiiis 
first  in  the  epidermis  surrounding  the 
hairs,  from  which  it  then  spreads  into 
the  hair  bull)  and  thence  grows  up  into 
the  substance  of  the  hair  iu  which 
mycelial  threads  and  spores  develop  iti 
large  numbers.  The  deinonstratiou  of 
the  niicniorganisnis  from  a  case  can  easily  be  accomplished  by  cpilating 
jiu  affected  hair,  making  sure  that  the  hair  bulb  has  been  removed. 
This  is  then  immersed  under  a  cover-sliji  in  a  drop  of  sodium  hydrate 
or  [lotassium  hydrate  solution  and  exatnined  under  the  microscope.  Tn 
this  way  enormons  numbers  of  short  mycelial  threads  and  spores  nnty 
be  .seen  to  lie  within  the  bulb.  Many  ViM'ieties  of  these  fungi  luive 
been  de8crii)ed  from  different  cases.  Their  interrelationship  is  not 
entirely  clear.  In  general,  a  division  is  made  between  those  which 
develop  large  spores  and  a  more  common  snuill-spored  variety. 

'  Gruby,  Coniptes  rciid.  dp  I'acad.  dea  bci.,  13,  IS41. 
tSnboumiul,  Ann.  <ie  dermat.  et  dp  ayph.,  3,  1892,  and  4,  1893. 


Fi«;.  1^2. — Achorion  Schoen- 
l.i::iNii,  SocliuD  of  fiivus  crust. 
Stained  by  Gram.  (After 
Fraenkel  and  PfeiiTer.) 
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Cultivation  is  comparatively  simple  ant!  is  best  carried  out  upon 
acid  glucose  agar  or  gelatin.  Upon  such  media,  within  five  or  six  days, 
mycelial  threads,  which  are  septate  and  form  chlamydospores,  may  be 
observed.  Pigment,  reddish  or  brown,  is  occasionally  noted.  Gelatin 
is  liquefied.  The  disease  may  be  produced  with  such  cultures  upon 
guinea-pigs.  In  man,  the  disease  is  usually  acquired  by  infection  from 
patient  to  jiat ient . 

Other  Diseases  in  which  Hyphomycetes  have  been  Found. — A 
number  of  cases  have  been  described  in  which  members  of  this  group 
have  lx^*n  found  at  autopsy  in  the  lungs  of  persons  living  of  broncho- 
pneumonia.' In  most  of  the.sc  cases,  the  fungus  found  Ix'longeti  to  the 
afspergillus  group  and  was  regarded  as  a  merely  secondarj'  invader. 
A  few  ca.ses,  however,  have  Ijeen  reported  in  which  the  fungus  was  re- 
garded as  the  primary  cause  of  the  disease.  A  single  case  is  on  record, 
in  which  an  intestinal  infection  with  a  member  of  the  genus  mucor 
resultetl  in  a  generalized  infection  with  pulmonary  and  secondai^' 
cerebral  abscesses.  In  birds,  a  di.sease  of  the  lungs  hais  long  Ijeen 
knowTi  to  be  due  to  various  species  of  aapergillua.  In  many  domestic 
animals,  diseases  of  the  skin  and  hair  occur  which  are  caaHtnl  by  micro- 
organisms similar  to,  or  identicul  with,  those  occurring  in  man. 

SPOROTRICHOSIS 

Parasites  closely  allied  to  the  blastomyces  are  the  sporotrices  which 
were  first  described  by  Schenck  '  in  this  country  and  have  been  very 
thoroughly  studietl  by  De  Biurmann  and  Gougerot.  The  parasites 
belong  to  the  Fungi  imperfecti.  They  occur  in  lesions  as  oval  or  cigar- 
shaped  spores  (conidia)  and  grow  in  culture  as  branching  septate 
mycelium  with  clusters  of  ova!  or  spherical  conidia  about  the  ends  of 
the  hjiJhiE.  According  to  some  observers  the  conidia  are  attached 
to  the  mycelium  by  short  pedicles.  The  conidia  also  occur  along  the 
sides  of  the  hyphae  and  are  often  groupetl  in  whorls  about  the  threa<ls. 
Chlamydospores  are  also  found  in  some  cultures.  The  organisms  are 
obligate  aerobes  and  grow  on  all  ordinary  culture  media,  but  better  on 
those  contauiing  carbohydrates  and  of  slightly  acid  reaction.  The 
growth  forms  a  thick,  leathery,  white  coating  on  the  surface  of  the 
medium  which  in  older  cultures  lieeomes  coffee-colored,  and  in  some 
instances  black|. 


I 

I 
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^Stifker,  Nothnagel,  "Spex.  Path.  u.  Ther.,"  H.  1900. 
*Sehenck,  Johns  Hopkins  Hoep.  Bull.,  ISQS,  28a. 
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De  Bpurmann  and  Gougerot '  have  described  a  mimlwr  of  species 
of  sporotrices  which  are  differentiated  liy  variations  in  pigment  pro- 
duction, in  optimum  temperature,  and  in  profusion  and  morphologj'  of 
the  conidia  in  culture.  Other  observers  believe  all  these  organisms 
belong  to  the  same  species.  The  diagnosis  may  be  matie  in  some  cases 
by  finding  conidia  in  the  softened  material  from  the  lesions.  These  are 
best  demonstratal  by  Gram's  stain.  In  other  cases  it  is  necessary  to 
resort  to  cultural  methods,  as  the  conidia  can  not  always  be  found  on 
direct  examination. 

Only  a  few  cases  of  the  disease  have  been  rep<irtcd  in  this  country,  but 
it  is  apparently  conmion  in  France  and  has  been  reported  in  nearly 
every  quarter  of  the  globe.  The  lesions  are  usually  subcutaneous,  but 
visceral  forms  have  been  described.  Numerous  types  of  lesions  are 
found.  The  commonest  forms  are  di.sseminated  nodules  which  re- 
semble gummata.  In  other  cases  there  are  scattered  subcutaneous 
abscesses  which  are  usually  assoeiated  with  lyniphangiti.';.  There  is  also  a 
papulo-vesicular  form  which  usually  leads  to  ulceration.  The  lesions 
are  chronic  in  character andsimulatetbe  Iraions  of  syphilis  ortuberculosis, 
for  wliich  conditions  many  cases  of  sjKjrotrichosis  have  probably  been 
mistaken.  Noilular  lesions  have  also  been  found  in  the  bones,  in 
lymph  nudes,  ^nd  in  the  lungs  and  kidney.  The  Icsiona  consist  of  foci 
of  chronic  granulation,  the  tissue  containing  numerous  giant  cells, 
which  later  undergo  separation.  There  is  as  a  rule  little  systemic 
disturbance  associated  with  the  disease.  The  lesions  often  heal  spon- 
taneously, leaving  dense  scars,  but  clear  up  very  rapidly  under  iodide 
therapj'. 

The  most  susceptible  laboratory  animals  are  mice  and  rata  which 
show  lesions  resembling  those  in  man  a.s.sociated  with  marked  cachexia, 
though  the  disease  is  selilom  fatal.  The  disease  has  also  been  produced 
in  rabbits,  guinea-pigs,  and  dogs,  though  these  anunals  are  not  sus- 
ceptible to  all  strains.  In  making  cultures  De  Beurmann  and  Gougerot 
recommend  the  use  of  Sabouraud's  glucose  pepton  agar  (water,  1,(X)0  c.c; 
pepton,  10 gm.;  glucose, 40 gm. ;  agar,  18  gm.;  not  neutralisied).  Taylor' 
recommends  glycerin  agar  with  the  addition  of  dextrose  and  1  [ler  cent 
acetic  or  citric  acid  !us  the  most  favorable  medium  for  these  organisms. 
Tubes  should  be  inoculated  with  large  amounts  of  pus  (1  c.c.  if  pos- 
sible), and  should  be  incubated  for  several  days  at  room  tenaperature. 


'  De  Beurmann  et.  Gougerot,  "Trait6  dea  Sporotrichoaea,"  Felix  Alcan,  Paris,  1912. 
*  Taylor,  Jour.  A.  M.  A.,  1913,  Lx,  1142. 
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{Hydrophobia,  Rage,  Lyssa,  Hundswuth) 

Rabies  is  primarily  a  disease  of  animals,  infectious  for  practically 
all  the  mammalia,  but  most  prevalent  among  carnivora,  dogs,  cat«,  and 
wolves.  It  is  said  also  to  occur  spontaneously  among  skunks  of  the 
Southwestern  United  States,  and  is  readily  inoculal>le  ui)on  guinea-pigs, 
rahliits,  mice,  rats,  and  fertain  birds,  chicken  and  geese  being  especially 
susceptible,  Man  is  suiiject  to  the  disease.  Infection  usually  occurs  as 
a  consequence  of  the  saSWa.  of  rabid  animals  gaining  entrance  to  wounds 
from  bites  or  scratches.  The  disea-sc  is  prevalent  to  an  alanning  extent 
in  all  ci\'ilized  countries  except  Englanil,  where  the  careful  super\'i8ion  of 
dogs,  enforcement  of  nmzzling  laws,  and  rigid  legislation  regarding  the 
importation  of  dogs,  have  caused  a  practical  eradication  of  the  disesaw 
in  that  country.  A  fair  estimate  of  the  prevalence  of  the  disease  may 
be  obtaine<l  from  the  statistics  of  animals  dying  or  killed  Innrause  of 
rabies  in  different  countries.  In  Germany,  according  to  Kolle  and 
Hctsch.  during  the  15  years  ending  in  H>01,  there  were  9,0<59  dc^,  1,664 
cattle,  191  sheep,  110  horses,  175  hogs,  79  cats,  16  goats,  I  mule,  and  I 
fox  affected  with  rabies.  In  eastern  I'nited  States  the  disease  is  not  un- 
common. The  statistics  of  the  New  York  Department  of  Health,  for  a 
period  of  sbc  months  entling  Dec.  3 1 ,  1907,  show  74  cases  of  rabies  among 
dogs  in  New  York  City  and  vicinity.  Among  human  beings  the  disease 
is  no  longer  common  in  civilized  countries,  since  early  preventive  ireal- 
ment  is  successfully  applied  in  almost  all  infected  subjects. 

Experimental  infection  in  susceptible  animals  is  Ijest  carried  out  by 
injections  of  a  salt^eolution  emulsion  of  the  brain  or  spinal  cord  of  aq 
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afflicted  animal,  subdurally,  through  a  trephined  opening  in  the  skull, 
;but  may  silso  bo  accomplished  by  injection  into  the  periplieral  nerves, 
(the  spinal  canal,  or  the  anterior  chamber  of  the  eye.  Intravenous  and 
intramuscular  injections  are  also  successful,  though  less  regularly  so. 

The  time  of  incubation  after  inoculation  varies  with  the  nature  of  the 
irus  used,  the  location  of  the  injection,  and  the  quantity  injected.  In 
cidental  infections  of  man  and  animals  the  incubation  is  shortest  and 
ae  tlisease  most  severe  when  the  wounds  are  about  the  head,  neck,  and 
upper  extremities  and  arc  deeply  lacerated.  This  is  explained  by  the 
fact  that  the  poison  is  conveyed  to  the  central  nervous  system  chiefly 
by  the  path  of  the  nerve  tnmks.  This  has  been  experimentally  shown 
by  di  V'estoa  and  Zagari '  who  inoculated  animals  by  injection  into 
peripheral  nerves,  and  showed  that  the  nerve  tissue  near  the  point  of 
inoculation  becomes  infectious  more  quickly  than  the  parts  higher  up; 
thus  the  lumbar  cord  of  an  animal  inoculateil  in  the  sciatic  nerve  is  in- 
fectious several  days  before  virus  can  be  demonstrated  in  the  medulla. 

In  man,  infectetl  witli  "street  virus,"  that  is,  with  the  virus  of  a  dog 
iOr  other  animal  not  experimentally  inoculated,  the  incubation  period 
aries  from  about  forty  to  sixty  days.  Isolated  cases  have  been  reported 
in  which  this  period  was  prolonged  for  several  months  beyond  this. 

The  virulence  of  rabic  virus  may  be  markedly  increased  or  diiniiushed 
by  a  number  of  methotls.  By  repeated  passage  of  the  virus  through 
rabbits,  Pasteur '  was  able  to  increai^e  its  virulence  to  a  more  or  less 
constant  maximum.  Such  viru.s  which  had  been  brought  to  the 
highest  obtainable  virulence,  he  designated  as  "virus  fixe."  Inocu- 
lation of  rabbits,  dog.«.  guinea-pigs,  rats,  and  mice  with  such  virus 
usually  results  in  symptoms  within  six  to  eight  days.  The  same  animals 
inoculate<l  with  street  virus  may  rejnain  apparently  healthy  for  two  to 
three  weeks. 

In  dogs  and  guinea-pigs  inoculation  u.suallj'  results  first  in  a  stage 
of  increased  excitability,  restlessneiw,  and  sometimes  viciousness.  This 
Ls  followed  by  depression,  torpor,  loss  of  appetite,  inability  to  swallow, 
and  finally  paralysis.  In  rabbits  the  disease  usually  takes  the  form  of 
what  is  known  as  "dumb  rabies,"  the  animals  gradually  growing  more 
somnolent  and  weak,  with  tremors  and  gradual  paralysis  beguining  in 
the  hind  legs. 

In  exj»erimentally  infected  birds  the  disease  is  slow  in  appearing  and 

'  di  Vealta  uid  Zagari,  .\nn.  de  I'insl.  Pasteur,  iii. 

'  PatUettr'n  work  on  rabies.  Compt.  rend,  de  I'ftcad.  des  aciencee,  1881 ,  1882, 1884, 
1885,  1886,  and  Anu.  dc  rinst.  Pasteur.  1887  and  1888. 
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may  show  a  course  of  gradually  increasing  weakness  and  progressive 
paralysis  extending  over  a  period  of  two  weeks  aft.er  the  appearance  of 
the  first  symptoms. 

In  man,  the  disease  begins  usually  with  headaches  and  ner\'ou8  de- 
pression. This  is  followed  by  difficulty  in  swallowing  and  spasms  of  the 
respiratory  muscles.  These  symptoms  occur  intermittently,  the  free 
intervals  being  mark^l  by  attacks  of  t«rror  and  nervous  depression. 
Occasionally  there  are  maniacal  attacks  in  which  the  patient  raves  and 
completoly  loses  self-control.  Finally,  paralysis  sets  in,  ending  event- 
ually in  death. 

Pathological  I'xamination  of  the  tissues  of  rabid  animals  and  human 
beings  reveals  macroscopically  nothing  but  ecchymoses  in  stmie  of 
the  mucous  and  serous  mtml >raiies.  Microscopically,  however,  many 
abnormal  changes  have  been  observed  and  were  formerly  utilized  in 
hi-stologicai  diagnosis  of  the  condition.  Babes'  has  described  a  disapw 
pearancc  of  the  ehromatir.  eletneat  in  the  nerve  cells  of  the  spinal  cord. 
Tills  observation  has  been  confirmed  by  others,'  but  is  no  longer  regarded 
as  pathognomonic  of  rabies.  The  .same  obser^•er  has  descrilied  a 
marked  leucocytic  infiltration  which  occurs  about  the  blooii-vcssels  of 
the  brain  and  alx>ut  the  ganglia  of  the  sj-mpathetic  system.  These 
changes  are  not  found  in  animals  infected  with  virus  fiic  and  are  present 
only  in  animals  and  human  beings  inoculated  with  street  virus. 

In  1903,  Negri*  of  Pavia  describcni  ix'culiar  structures  which  he 
observcfl  in  tho  cells  of  the  ccntnal  nervous  system  of  rabid  dogs.  While 
present  in  all  parts  of  the  brain,  these  "Negri  bodies"  are  most  regularly 
present  and  numerous  in  the  larger  cells  of  the  hippocampus  major  and 
in  the  Purkinje  cells  of  the  cerebellum.  The  presence  of  these  structures 
in  rabid  animals  and  man  h:is  been  confirmed  by  a  hirge  number  of 
workers  in  various  parts  of  the  world,  an<i  the  specific  association  of  tiiese 
bodies  with  the  disease  is  now  beyond  {loubt.  In  consequence,  the 
determination  of  "Negri  bodies"  in  the  brains  of  suspected  animals  has 
become  an  extremely  important  method  of  diagnosis — ^more  rapid  and 
accurate  than  the  methods  previously  known. 

The  demonstration  of  Negri  bodies  in  tissues  is  carried  out  as  follows: 
A  small  piece  of  tissue  is  taken  from  the  cerebellum  or  from  the  center 
of  the  hippocampus  major  (cornu  ammonis),  and  is  fixed  for  twelve 
hours  in  Zenker's  fluid.     It  is  then  washed  thoroughly  in  water  and 

>  BattrJi,  Virch.  Arch.,  110,  and  Ann.  de  I'inst.  Puteur,  0,  1802. 

*  Van  GrhucliUn,  Bull,  dc  I'aovl.  dc  ini5d.  ct  bio].,  I'JOO. 

*  tftgri,  Zeit.  f.  Hyg.,  xliii  and  xliv. 
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dehydrated  as  usual  in  graded  alcohols,  embedded  in  paraffin,  and 
sectioned.  The  sections  are  Ijest  .stained  by  the  method  of  Maun,  as 
follows: 

Tlic  spctions,  attached  to  slidfs  in  the  usual  way,  are  immersed  in  the  follow- 
ing solution  for  from  twelve  to  twenty-four  tiours: 

Methylene-blue  (Gniebler  OO).  1  jicr  cent 35  c.c. 

Eosin  (Gruebler  BA),  1  \wi  cent 35  c.c. 

Distilled  water 100  c.c. 

They  are  then  differentiated  in: 

Absolut*  alcohol 30  c.c. 

Sodium  hydrate,  1  per  cent  in  absolute  alcohol 5  c.c. 

In  this  solution  blue  is  given  off  and  the  sections  become  red.  Aft(?r  about  five 
minutes  the  sections  are  removed  from  this  solution,  are  washed  in  absolute  alco- 
hol, and  arc  placed  in  water  where  they  afz;ain  become  faintly  blui.sh.  It  is  of  ad- 
vantage to  immerse  them,  now,  in  water  slightly  acidified  with  acetic  acid.  Follow- 
ing tliis  they  arc  dehydrated  with  absolute  alcohol  and  cleareti  in  xylol,  as  usual. 

In  preparations  made  in  this  way,  the  nerve  cells  are  .stained  a  pale 
blue,  and  in  their  cytoplasm,  lying  either  close  to  the  nucleus  or  near  the 
root  of  the  axis-cylinder  process,  are  seen  small  oval  bodies  staineii  a  deep 
pink.  The  bodies  are  variable  in  size,  measuring  from  1  to  27  micra  in 
diameter.  They  are  rotmd  or  oval,  show  a  more  deeply  stained  periph- 
eral zone  which  has  been  interiirctetl  as  a  cell  membrane,  and,  in  their 
interior,  often  show  small  vacuolc-like  bodies.  There  may  be  more  than 
one,  often  as  many  as  three  or  four,  in  a  single  cell. 

The  rapid  demonstration  of  Negri  bodies  in  smears  of  brain  tissue 
has  recently  been  advocated  by  many  observers  and  ha-s  been  extensively 
used  for  diagnosis.  It  is  carried  out,  according  to  Van  Gicson,'  in  the 
following  way:  A  small  pin-head-sized  piece  of  brain  tissue  from  the 
regions  indicated  above,  is  placed  on  one  end  of  a  slide  under  a  cover- 
glass  and  the  cover  is  gently  squeezed  with  the  finger  until  the  tissue  is 
flattened  out  into  a  thin  layer.  The  glass  cover  is  then  gently  shifted 
across  the  slide  until  the  brain  ti.ssue  is  smeared  along  the  entire  surface. 
These  smears  may  be  fixed  in  methyl  alcohol  and  stained  bj'  the  Giemsa 
method,  as  described  in  the  chapter  on  Spirochajta  pallida  {see  page 
51)2). 

Stained  in  this  way,  the  Negri  bodies  are  stained  light  blue,  in  con- 
trast to  the  darker  and  more  violet  cell-bodies. 

»  Van  Gicson,  Proc.  of  N.  Y.  Pathol.  Soc.,  N.  S.,  iv,  10O6. 


650  DISEA.SES  CAUSED  BY  F1LTR^\.BLE  VIRUS 


The  smears  may  a.\so  bo  stained  by  a  method  originated  by  \'an 
Gieson,  which  gives  an  excellent  contrast  stain  and  reveals  more  clearly 
the  inner  structure  of  the  Negri  bodies.  Van  Gieson 's  stain  is  prepared 
as  follows : 

Distilled  water 10  c.c. 

Saturated  alcoholic  solution  of  roeoiiilin  violet '2  drops. 

Saturated  aqueous  solution  of  mcthylcnc-blue  diluted  one-luJf 

with  water 2  drops. 

This  method  has  been  modified  by  Williams  and  Lowden,'  who  add 
to  10  c.c.  of  distilled  water  3  drops  of  saturated  alcoholic  basic  fuchsin 
and  2  c.c.  of  Loefiler's  methylcne-blue.  The  slides  are  fixed  in  methyl 
alcohol,  washed  in  water,  and  covered  with  the  freshly  prepared  stain. 
The  slide  is  held  over  the  flame  until  the  .solution  steam.s  and  is  then 
rinsed  in  water  and  drietl.  The  Negri  Iwdies  assume  a  brilhant  hue  and 
contain  in  their  interior  darkly  stained,  irregular  particles  which  have 
been  interpreted  as  chromatin  bodies.  As  to  the  nature  of  the  Negri 
bodies  opinions  are  still  divided.  Their  constant  presence  in  rabic 
brain  tissue  is  unquestioned  and  their  diagnostic  significance  well 
established.  Cultivation  experiments,  however,  have  bet-n  uniformly 
iinsucces.sful.  A  number  of  observers,  Negri  himself.  Calkins,*  WilUams 
and  Lowden,'  and  others,  believe  these  bodies  to  be  protozoa.  Thf 
last-named  authors  ba.se  this  opinion  upon  the  definite  morphologj'  oi 
the  bodies,  and  their  .staining  proi>erties,  which  in  many  respects  an 
similar  to  those  of  protozoa.  These  observers  also  claim  that  the  mor- 
phologj'  of  the  bodies  shows  a  number  of  regular  cyclic  changes  which 
are  fuund  accompanying  different  stages  of  the  disease;  these  changes 
correspond,  according  to  these  workers,  to  amilar  cycles  occurring 
among  known  protozoa  of  the  suborders  of  the  class  Sporozoa.  Many 
pathologist's  still  look  upon  them  as  sjwcific  degenerations  of  the  nerve 
cells  similar  to  the  changes  observed  bj'  Bal)€s. 

It  is  not  possible  to  decide  absolutely  from  the  facts  at  present  at  our 
disposal  whether  or  not  the  Negri  botlies  should  he  regardei.1  us  parasites 
or  as  specifii'  degeneration  products.  Their  coastant  presence  in  rabic 
animals,  and  their  ajjparent  ab.sence  from  normal  brains  and  the  brains 
of  animals  dead  of  other  di.sea.ses,  would  tend  to  favor  the  ])arasitic 
view.  To  us  it  would  seem  that  added  to  this  the  clear  outlines,  apparent 
r^Hilarity  of  structure,  and  curiously  consistent  grouping  of  the  darkly 

'  WiUiarm  and  Lawden,  Jour.  Inf.  Dis.,  3,  1906. 

•CaUrirw,  Diacuawon,  Proc.  N.  Y.  Pnlhol.  Soc..  N.  8.,  vol.  vi,  1906. 

'  WiUiam*  and  Lowden,  loc.  cit. 
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staining  inclusions  would  add  weight  to  such  an  assumption.  We  have 
triturated  rabic  tissue  and  shaken  it  up  in  anti-formin  and  seen  many 
free  Negri  bodies  apparently  enucleated  from  the  ceils  in  consequence. 
Such  complete  extrusion  from  the  cell  also  is  seen  in  the  ordinary  smear 
preparations.  It  is  at  least  unlikely  that  a  cell-degeneration  area  would 
be  expelled  from  the  cytoplasm  in  so  clearly  outlined  and  morphologically 
unaltered  a  form.  The  fact  that  tlie  virus  is  filtrablc,  as  shown  by 
Remlinger/  Poor  and  Steinhardt,^  and  others,  would  on  the  other  hand 
seem  to  contradict  the  etiological  importance  of  the  Negri  bodies  unless, 
with  some  of  the  observers  named,  we  assumcfl  them  to  represent  a 
large  stage  in  the  life-cycle  of  a  protozoan  para-site,  which  also  occurred 
in  smaller  forms.  It  is  a  curious  fact,  also,  that  Negri  Vjodies  are 
scarce  or  absent  in  the  spinal  cord  and  cerebrum,  though  these  areas  are 
as  virulent  or  more  so  than  the  hippocampus  and  cerebellum.  Th^ 
are  small  and  hard  to  find  in  r^'rH-s^xt;,  largest  and  most  plentiful  incases 
in  which  the  incubation  period  has  been  prolonged — as  with  street-virus 
infection.  Much  can  be  said  on  both  sides,  but  in  analyzing  the  present 
experimental  facts,  it  seems  fair  to  say  that  neither  point  of  view  is  cer- 
tain, though  the  parjisidc  nature  of  the  Negri  bodies  seems  very  likely. 

The  cultivation  of  parasites  from  rabic  tissues  has  of  course  been 
attempted  by  most  bacteriologists  who  have  studieft  the  disease  since 
Pasteur.  In  all  attempts,  until  very  recently,  either  no  results  were 
obtained  or  else  the  parasites  described  could  be  shown  to  be  pres- 
ent bc-cause  of  extraneous  contamination.  Recently  Noguchi  an- 
nounced that  he  Irns  been  able  to  cultivate  the  virus  by  employing  a 
technique  simHar  to  his  methods  of  cultivating  Treponema  pallidum  and 
poliomyelitis  virus.  Into  high  tubes  filled  with  ascitic  fluid  a  bit  of  fresh 
sterile  rabbit  kidney  and  a  snAll  piece  of  rabic  virus  were  placed.  The 
ascitic  fluid  was  covered  with  sterile  oil  and  the  tubes  incubated  at 
37.5°  C.  After  five  days'  incubation  cloudiness  appeared  and,  with  it, 
minute  globoid  bodies  not  unlike  tho.sc  seen  in  jyoliomyelitis.  After 
several  generations  large  highly  refractile  bodies  with  dark  central 
spots  appeare<l  in  the  cultures,  and  these  Noguchi' regards  as  po.ssibly 
the  parasites  and  similar  to  Negri  bodies.  Opinions  are  still  divided  as 
to  the  significance  of  Noguchi's  results.  However,  whatever  may  be 
one's  opinion  regarding  the  nature  of  the  peculiar  bodies  visible  in  his 
cultures,  he  has  accomplished  the  feat  of  preserving  the  virulence  of  the 

'  Remlinger,  Ann.  de  I'inst.  Past.,  xvii,  1903. 

'  Poor  and  Skinhanlt,  Jour,  of  Inf.  Dia.,  xii,  1913. 

•  Nof/tichi,  Jour.  E.\p.  Med.,  xviii,  1913. 
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virus  through  21  generations  on  artificial  media,  a  fact  which  alone  would 
seem  to  prove  that  he  had  successfully  cultivated  it,  even  though  his 
"nucleated  bodies"  do  not  eventually  turn  out  to  be  anything  more 
than  fell  dogenfrations.  The  possibiiity  that  he  may  liuvo  c.irrii^d 
original  virus  through  21  generations  and  that  it  has  remaine<i  virulent 
for  about  100  days  at  37.5°  C.  can  not  be  excluded  as  yet,  but  seems 
very  remote. 

The  Specific  Therapy  of  Rabies. — The  treatment  which  is  now  pro- 
phylactically  applied  to  patients  infected  with  or  suspected  of  infection 
with  rabies  has  been  but  little  altered  either  in  principle  or  in  technical 
detail  since  it  was  first  worked  out  by  Pasteur.  In  principle  it  con- 
sists of  an  active  immunization  with  viru.s,  attenuated  by  drying,  admin- 
istered during  the  long  incubation  period  in  doses  of  progres.siveJy 
increasing  virulence. 

By  the  repeated  pa.ssage  of  .street  virus  through  rabbits,  Pasteur 
obtained  a  \'irus  of  maximum  and  approximately  con.stant  virulence 
which  he  designated  as  virus  fixe.  By  a  series  of  painstaking  experi- 
ments he  then  ascertained  that  such  in'rus  fixe  could  be  gradually  at- 
tenuated by  drjing  over  caustic  potash  at  a  temperature  of  alwut  25° 
C,  the  degree  of  attenuation  varying  directly  with  the  time  of  dr>'ing. 
Thus,  while  fresh  virus  fixe  regularly  caused  death  in  rabbits  after  six  to 
seven  days,  the  inciilmtion  time  following  the  inoculation  of  dried  virus 
grew  longer  and  longer  as  the  time  of  drying  was  increased,  imtil  finally 
virus  dried  for  eight  days  was  no  longer  regularly  infectious  and  that 
dried  for  twelve  to  fourteen  days  had  completely  lost  its  virulence. 

The  method  of  active  immunization,  which  Pasteur  used,  consisted 
in  injecting,  subcutaneously,  virus  of  |>rogressively  increasing  viru- 
lence, beginning  with  that  derived  from  cords  dried  for  thirteen  daj'a 
and  gradually  advancing  to  a  strong  virus.  Thus  the  patient  was  im- 
munized to  a  potent  virus  several  weeks  before  the  incubation  time  of 
his  own  infection  hud  elajxsed.  Pasteur  successfully  proved  the  efficacy 
of  bis  method  upon  dogs  and  finally  upon  human  beings,  the  first 
human  case  being  that  of  a  nine-year-old  child — Joseph  Meister. 

Technique  of  Rabies  Therapy. — The  technique  developed  by 
Pasteur  is  still,  in  the  main,  followed  by  those  who  treat  rabies  to-day. 

I.  As  a  preliminary,  it  is  neccssarj-  to  prepare  or  obtain  virus  fixe. 
This  may  generally  be  procured  from  an  cst4iblishe<l  lalx)ratory  or  may 
be  prepared  independently  by  passing  street  virus  through  a  series  of 
young  rabbits  (weighing  from  700  to  1 ,000  gms.).    According  to  Hogjes,* 
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the  passage  of  the  virus  through  (wpnty-one  to  thirty  rabbits,  in  this 
way,  will  reduce  it«  incubation  time  to  seven  or  eight  days.  Babes 
claims  to  obtain  a  tnms  fixe  more  rapidly  by  passing  the  virus  alter- 
nately through  rabbits  and  guinea-pigs. 

For  purix)ses  of  inoculation,  virus  is  prepared  by  emulsifying  in 
sterile  salt  solution  pieces  of  the  medulla  or  cerebellum  of  animals  dead  of 


Fig.  153. — Method  op  Drtinq  Spinal  Cord  of 

or  Attentiation. 


Rabbit  roH  Pcrfoses 


a  previous  inoculation.  The  brain  tissue  which  is  not  emulsified  may  be 
preserved  under  sterile  glycerin  in  a  chirk  and  cool  place  for  further  use. 

II.  Rabbits  are  inoculated  with  tnrua  fixe  by  intracranial  injection. 
A  small  incision  is  made  in  the  shaved  scalp  in  the  median  line,  and  the 
skin  is  retracted.  With  a  small  trei)liine  or  a  round  eliisel,  an  opening 
is  made  in  the  skull  in  the  angle  between  the  coronary  and  sagittal  su- 
tures. Through  this  opening  about  0.2  to  0.3  c.c.  of  the  virus  fixe  is  in- 
jected, either  directly  into  the  brain  substance  or  simply  under  the  dura. 

As  soon  as  a  rabbit  so  inoculated  has  died  it  is  autopsied.  The 
animal  before  dissection  should  he  washed  in  a  disinfectant  solution 
— lysol  or  carbolic  acid.  The  skin  is  then  removed  and  the  animal, 
lying  on  its  ventral  surface,  is  fastened  to  a  dissecting  board.  The 
spinal  canal  is  then  laid  open  with  a  pair  of  curved  scissors  and 
the  spinal  cord  carefully  removed.  This  is  accomi>lished  by  cutting 
across  the  cord  in  the  lumbar  region,  and  lifting  this  with  a  forceps 
while  the  nerve  roots  are  divided  from  below  upward. 

The  cord  is  suspended  by  a  sterile  thread  within  a  large  bottle  into 
the  bottom  of  which  pieces  of  potassium  hydrate  have  been  placed. 
The  bottle  is  then  set  away  in  a  dark  room  or  closet,  the  temperature  of 
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which  is  regulated  so  as  to  vary  little  above  2Tf  C.  Baoteriologieal 
controls  as  to  the  sterility  of  the  eonl  should  also  be  made. 

After  a  suitable  period  of  drv'ing,  pieces  of  the  cord  are  pref)un'cl 
for  injection.  This  is  done  in  various  ways  at  different  laboratories. 
No  attempt  at  exact  rlosage  is  made.  At  the  New  York  Depart- 
ment of  Health  1  cm.  of  the  cord  is  emulsifie<l  in  3  c.c.  of  sterile 
eight-tenths  per  cent  salt  solution,  the  dose  for  injection  being  usu- 
ally 2.5  c.c.  Marx '  emulsifies  I  cm.  of  the  cord  in  5  c.c.  of  i?terilo 
bouillon  or  .salt-  .solution,  using  1  to  3  c.c.  of  this  for  injection  according 
to  the  age  of  the  cord.  For  shipment  an  addition  of  20  per  cent  of 
glycerin  and  0.5  per  cent  of  carbolic  acid  is  made. 

Tlic  .scheme  of  treatment  is  also  subject  to  variations  accoriling  to 
the  individual  customs  of  various  laboratories.  The  following  scheme 
is  the  routine  of  the  Pasteur  Institute  in  Paris,  as  quoted  in  Kraus 
and  Levaditi,  "  Handbuch  fiir  Immimitatsforschung,"  Vol.  I,  p.  713. 
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A.M.         7       P.M.   6 

2  C.c. 

4 

8  +  7 

3c.c. 

8  +  7 

3  c.c. 

6 

2  CO. 

h 

(i  +  6 

3  c.c. 

6  +  ft 

3c.c. 

6 

2c.e. 

6 

5 

Ice. 

S 

2  c.c. 

4 

2ce. 

7 

5 

Ic.c. 

5 

2  c.c. 

3 

1  cc 

8 

4 

Ice. 

4 

2  CO. 

4 

2  c.c 

0 

3 

1  c.c. 

3 

Ic.c 

3 

Ic.c. 

10 

5 

2  c.c. 

5 

2  c.c 

5 

2  c.c. 

11 

6 

2c.c. 

5 

2  c.c 

h 

^ce. 

12 

4 

2  c.c. 

4 

2  CO. 

4 

^c.c 

13 

4 

2  c.c. 

4 

2  c.c 

4 

2  c.c 

14 

3 

2  c.c. 

3 

2cc. 

3 

a  CO. 

15 

3 

2  c.c. 

3 

2c.c. 

8 

3e.e. 

16 

5 

2  c.c. 

5 

2cc 

17 

4 

2c.e. 

4 

2  c.c 

18 

3 

2  c.c 

3 

2c.c 

19 

6 

3e.& 

20 

4 

2  c.c 

21 

3 

2  c.c 

I 


I  Marz,  Dcut.  med.  Woch.,  1899, 1900. 
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The  treatment  at  the  New  York  Department  of  Health  ia  as  follows:* 


Mild  Casbs. 

Dose. 

Medium  Cases. 

Dose. 

Sbvbrb  Cases. 

Day  of 
Treatment. 

Days  of  Drying. 

Days  of  Dryins. 

Days  of  Drying. 

Dose. 

1 

14+13 

4c.c. 

10 

4c.c. 

A.M.10+9P.M.10  +  9 

4c.c. 

2 

12+11 

4c.c. 

9 

4c.c. 

A.M.  8+7P.M.  8+7 

4c.c. 

3 

10+9 

4c.c. 

9 

4c.c. 

6 

4c.c. 

4 

8+7 

4cc. 

8  +  7 

4c.c. 

4 

4c.c. 

5 

6 

2c.c. 

6 

2  ex. 

3 

2c.c. 

6 

5 

2c.c. 

5 

2c.c. 

4 

2c.c. 

7 

4 

2c.c. 

4 

2c.c. 

3 

2c.c. 

8 

3 

2c.c. 

3 

2c.c. 

2 

2c.c. 

9 

5 

2c.c. 

2 

2c.c. 

4 

2c.c. 

10 

4 

2c.c. 

5 

2c.c. 

1 

2c.c. 

11 

3 

2c.c. 

4 

2c.c. 

4 

2c.c. 

12 

5 

2c.c. 

3 

2c.c. 

3 

2c.c. 

13 

4    . 

2c.c. 

2 

2c.c. 

2 

2c.c. 

14 

3 

2c.c. 

4 

2c.c. 

4 

2c.c. 

15 

5 

2c.c. 

3 

2c.c. 

1 

2c.c. 

16 

4 

2c.c. 

2 

2c.c. 

4 

2c.c. 

17 

4 

2c.c. 

3 

2c.c. 

18 

3 

2c.c. 

2 

2c.c. 

19 

2 

2c.c. 

4 

2c.c. 

20 

3 

2c.c. 

21 

2 

2c.c. 

22 

4 

2c.c. 

23 

3 

2c.c. 

24 

2 

2c.c. 

25 

4 

2c.c. 

26 

3 

2c.c. 

The  severity  or  mildness  of  cases  is  estimated  from  the  depth  and 
degree  pf  laceration  of  the  wounds,  also  from  their  location — ^bites  about 
the  face  and  upper  extremities  being  the  most  dangerous. 

During  the  course  of  such  treatment  patients  may  show  troublesome 
erythema  about  the  point  of  injection  and  occasionally  backache  and 
muscular  pains.  Treatment  need  not  be  omittted  unless  thfese  symp- 
toms become  excessive. 

The  efficiency  of  the  Pasteur  treatment  in  rabies  is  no  longer  prob- 
lematical. According  to  HOgyes,  50,000  people  have  been  treated  within 
ten  years,  with  an  average  mortality  of  1  per  cent. 

'  PeracMial  communication  from  Dr.  Poor,  of  the  New  York  Department  of  Health. 
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Although  the  method  described  above  is  the  one  which  is  extensively 
used  in  all  established  institutes  for  the  treatment  of  rabies,  other 
methods  have  been  elaborated  and  used  to  a  slight  extent.  One  of  the 
most  important  of  these  is  the  "dilution  method"  of  HOgyes.  This 
method  is  carried  out  as  follows:  A  definite  quantity  of  the  spinal  cord 
of  a  rabbit  dead  of  virus  fixe  is  emulsified  in  100  c.c.  of  normal  salt 
solution.  Dilutions  of  this  emulsion  are  made  and  the  patient  is  injected 
at  first  with  a  dilution  of  1  :  1,000,  subsequent  injections  being  made  of 
gradually  increasing  concentration  imtil  a  concentration  of  1  :  100  is 
reached.  This  method,  so  far  as  it  has  been  used,  has  been  satisfactory, 
but  it  has  not  yet  found  extensive  application. 

Attempts  to  treat  active  rabies  with  the  sera  of  immunized  animaln 
have  so  far  been  unsucceesfuL 


CHAPTER  XLVm 
*  SMALLPOX 

Smallpox  or  variola  is  one  of  the  most  virulent  of  infectious  diseases. 
Throughout  history  it  has  been  a  severe  scourge  of  mankind,  prevailing 
in  China  and  other  Eastern  countries  many  centuries  before  Christ 
and  sweeping  through  medieval  Europe,  especially  at  the  time  of  the 
Crusades,  in  a  series  of  severe  epidemics.  All  races  of  men  are  suscep- 
tible and  no  age  from  childhood  to  senility  is  exempt.  In  modem  times 
the  disease  is  endemic  in  most  uncivilized  countries,  especially  those  of 
the  Eai<t,  an<l  occurs  sporadically  in  all  parts  of  the  globe.  Owing  to 
rigid  enforcement  of  vaccination  and  of  quarantine  laws,  however,  the 
disease  has  been  practically  eradicated  from  civilized  countries. 

The  etiological  factor  which  causes  smallpox  is  still  unknown. 
Numerous  researches  aimed  at  the  discovery  of  cuitivatable  microorgan- 
isms in  the  lesions  or  blood  of  infected  patients  have  met  with  unifoi-m 
failure.  Streptococci,  though  often  found  in  the  smaDpox  vesicles 
and  pustules,  and  often  undoubtedly  contributing  materially  to  the  fatal 
outcome  of  the  disease,  may  be  regarded  as  purely  secondary  in  signifi- 
cance. 

Communications  which  have  claimed  the  discovery  of  a  protozoan 
ineitant  of  the  disease  have,  on  the  other  hand,  been  numerous  and,  in 
some  cases,  have  seemed  plausible.  Yet  absolut*  proof  has  always  been 
lacking.  The  literature  on  this  question  is  extensive  and  some  of  the 
earlier  contributions,  such  as  those  of  Griinhagen,'  of  Van  der  Loeff,' 
and  of  Pfeiffer,*  possess  hist-orical  inttirest  only.  The  work  which,  of  re- 
cent years,  has  attracted  the  most  serious  attention  to  this  subject  is 
that  published  by  Guamieri*  in  1892.  This  observer  found,  in  the  deeper 
cells  of  the  epithelium  covering  the  pustules,  both  of  smalipox  lesions 
and  of  vaccination  lesions,  small  bodies  which  werc^  easily  stained  by 
hematoxylin,  safranin,  or  carmin.     Similar  bodies  could  be  observed  in 

'  Griinhagen,  Arch,  f  Dermat.  u.  Syph..  1892. 
•  Van  der  Loeff,  Monat.  f.  prakt.  Dermat.,  iv. 
*L.  P/eifftr,  Zeit.  f.  Hyg.,  x.xiii. 

*Ouamieri,  Arch,  perle  ac.  med.,  xxvi,  1892;  Cent.  f.  Bakt.,  I,  xvi,  1894. 
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the  cells  of  conical  lesions  experimentally  produced  in  rabbits.  Gu:ir- 
nieri  claimed  tliat  he  distinguished  both  cytoplasm  and  nucleus  in  thi-so 
bodies  and  described  both  binary  division  and  reproduction  by  sporu- 
lation  as  in  the  sporozou.  He  named  the  supposed  protozoan  "C'y- 
toryctea  variola;."  At  about  the  same  time  Monti '  described  similar 
bodies  in  the  cells  of  the  Malpighian  layer  of  the  skin  covering  smallpo.x 
lesions  and,  a  few  years  later,  Clarke '  confirmed  the  researches  of 
Guamieri.  Subsequently,  many  researches  were  carried  out  on  the 
same  subject  iu  this  countrj',  the  most  notable  being  those  of  Council- 
man,' Magrath  and  Brinckerhoff,  and  of  Calkins.*  The  former  authors 
came  to  the  distinct  conclusion  that  the  bodies  seen  by  (Juamieri  were 
parasites,  and  the  latter  author  even  described  a  distinct  Ufo-cyc'e 
for  these  parasites  comparable  to  that  of  some  protozoa. 

These  researches,  however,  are  by  no  means  absolutely  convincing, 
and  Ewing,'  while  admitting  that  the  vaccine  bodies  are  probabl} 
specific  for  variola,  calls  attention  to  the  fact  that  specific  cell-dogea 
erations  or  inclusions  are  found  in  diphtheria,  measles,  glanders,  rabies, 
and  other  infectious  processes,  which  can  not  be  regarded  as  in  any 
waj'  related  to  these  diseases  etiologically,  and  suggests  the  probabiUty 
of  a  similar  interpretation  for  the  vaccine  bodies.  Much  has  been  said 
on  both  sides  of  the  question  since  that  time,  and  the  problem  can  not 
be  regarded  a.s  settled.  The  burden  of  proof,  of  course,  rests  upon 
those  who  claim  the  discover}'  of  a  specific  microorganism,  and  absolute 
proof  will  probably  be  lucking  until  our  experimental  methods  are  such 
as  will  permit  of  other  than  purely  morphological  demonstration. 

Whatever  the  actual  cau.sative  agent  may  Ik-,  it  is  certain  that  the 
disease  is  transmitted  with  extreme  ease — actual  contact,  direct  or  in- 
direct, with  a  patient  being  unnecessarj-  for  its  transmission.  For  this 
reason  the  disease  is  often  spoken  of  as  l>eing  "'air  liome."  While  we 
have  no  certain  knowledge  of  the  portal  of  entry  through  which  the  virus 
invades  the  human  Ijody,  many  considerations  have  made  it  seem  plauablu 
t  hat  this  may  take  place  t  hrough  the  mucosa  of  the  upper  respiratory  t  ract. 

Our  knowledge  of  the  means  of  defense  against  the  malady  is  for- 
tunately more  advanced  than  is  that  of  its  etiolog>'.  It  has  been  known 
for  centuries  that  one  attack  of  smallpox  protects  against  subsequent 
attacks.  This  knowledge  was  made  use  of  by  the  phy.><icians  of  ancient 
China  and  India,  who,  during  mild  epidemics,  exposed  healthy  children 

>  MonU,  Cent.  f.  Bokt ,  I,  xvi.  «  Clarhi,  Brit.  Med.  Jour.,  2,  1804. 

'Councilman,  MngraUi,  and  Brinckerhoff,  Jour.  Med.  Re«.,  xi,  190*. 

*  CaUcins,  Jour.  Med.  Rea.,  xi,  1904.  '  Eieitig,  Jour.  Med.  R<r_,  xiii,  VKu, 
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to  infection,  hoping  that  mild  sittaoitH  would  result  which  would  confer 
immunity.  While  dangerous  in  tiif  extreme,  such  "variolation,"  never- 
theless, was  not  without  some  benefit  and  was  even  introduced  into 
Europe  in  the  eighteenth  centur>'  by  Lady  Mary  Wortley  Montagu. 

Such  practices,  however,  were  made  unnecessarj'  by  the  classical 
investigations  of  Jenner '  published  in  1798.  Jenner,  a.?  a  student, 
had  been  impressed  with  the  fact  that  country-people  who  had  been 
infectetl  with  a  disea-se  known  as  cowpox,  were  iwually  immune  against 
smallpox.  His  studies  and  observation.^  came  to  a  practical  issue  when, 
in  1796,  he  inoculated  a  lx>y,  James  Phipps,  \vith  pus  from  a  cowpox 
lesion  on  the  hand  of  an  infected  dairj'-maid.  Two  months  later  the 
same  boy  was  inoculated  with  material  from  a  smallpox  pustule  without 
subsequent  disease.  With  this  experiment  the  principles  of  vaccination 
as  in  use  at  the  present  time  were  foimded. 

The  question  as  to  the  identity  of  cowpox  and  smallpox  has  been 
the  b.'isis  of  a  long  controversy.  Many  obser^'ers  claimed  from  the  be- 
ginning that  the  two  diseases,  though  closely  related  to  each  other,  were 
essentially  different.  Others,  on  the  contrary,  and  this  seems  to  be  the 
prevailing  opinion  among  scientists  at  the  present  day,  maintain  that 
cowpox  or  vaccinia,  as  it  is  called  when  inoculated  into  a  human  being, 
represents  merely  an  altered  and  attenuated  variety  of  variola.  This 
latter  view  is  based  on  the  following  considerations,  which  we  take  from 
Haccius  as  quoted  by  PauJ.^ 

1.  Variola  is  invariably  transmissible  to  cattle,  when  proper  methods  of  in- 
oculation arc  employed. 

2.  Variola  carried  through  several  animals,  in  the  above  way,  becomes  al- 
tered in  character,  approaching  in  nature  t>'pical  vaceitiia  or  cowpox. 

3.  Such  virus,  reinoculated  into  man,  gives  rise  to  purely  local  lesions  wliich 
are  mild  and  unlike  smallpox. 

4.  Inoculation  with  such  virus  ])rotect8  both  man  and  animals  against  subse- 
quent inoculation  with  cowpox,  and,  in  the  case  of  nwn,  against  amallpox  as  well. 

Recently  Kolmer*  has  carried  out  complement-fixations,  using  as 
antigens  salt  solution  suspensions  of  cowpox  and  smallpox  virus,  and 
has  demonstrated  close  biological  relationship  between  the  two. 

It  has  been  claimed,  moreover,  that  cowpox  originally  W!»s  trans- 
mitted to  cattle  by  human  beings  affected  with  smallpox.  This  seems 
likely  both  because  of  the  comparative  rarity  of  the  former  disease 

'  Jenner,  "  Inquiry  into  the  Causes  and  Effects  of  the  Variola- Vaccina;,"  London, 
1798.  *  Patd,  "Vaccination";  Kraus  and  Levaditi,  "Hamlbuch,"  etc.,  1. 

*  Kolmer,  Jour,  of  Immunology,  No.  1,  Feb.,  1916. 
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and  because  of  its  spontaneous  occurrence  almost  invariably  upon  tlie 
teats  of  cows,  although  both  males  and  females  are  equally  8uscepti!>le 
to  experimental  inoculation. 

The  relationship  of  variola  1o  chicken-pox  or  varicella  ha*  Ixrn  more 
ejisily  (letennined.  Chicken-pox  ilops  not  protect  against  smalli^ox  nor  is 
this  the  case  rice  versa.   The  two  disetises  are  unquestionably  quite  distinet . 

The  Production  of  Vaccine. — DurinR  the  early  rlays  of  vaccination, 
it  was  cust^)niary  to  inoculate  human  beings  with  the  matter  obtainM 
from  the  pustules  of  those  previously  vact^inated.  While  this  method 
w.os  perfectly  satisfactory'  for  the  immediate  purposes  in  view,  practical 
difficulties  anri  the  occiisional  iiccidental  transnussion  of  sj7)hilis  have 
rendered  this  practice  undesirable.  In  consequence,  at  all  institutes 
at  which  vaccine  is  produced  for  use  upon  man,  the  virus  is  obtained 
from  animals.  Horses  and  niuk>s,  l)oth  extremely  su.sceptiblc  to  vac- 
cine, have  been  employed,  and  goats  have,  at  times,  been  chosen  l)ecause 
of  their  insusceptibility  to  tulxTculosis.  Rabbits  have  also  lieen  ased 
more  recently  by  Cahnette  and  Ciuerin.' 

The  animals  almost  exclusively  employed  at  the  present  day,  how- 
ever, are  calves,  preferably  at  ages  of  from  six  months  to  two  years. 
Ver>'  young  suckling  calves  are  unsuitable  Ix'cau.se  uf  the  great  speed  of 
development  and  small  size  of  the  lesions  produceil.  The  animals  should 
be  healthy  ami  at  .some  institutes  (Dresden)  are  subjected,  before  u.se, 
to  the  tuberculin  test;  although,  according  to  Paul,-  this  protluces  a 
hypersusceptibility  to  the  vaccine,  and  can  be  omitted  without  danger 
when  careful  supervision  is  obs<Tved.  Some  observers  prefer  to  use  light- 
colored  animals  rather  than  dark-skinned  or  black  ones,  lx)th  for  ri'.a.s«jns 
of  greater  ease  of  cleanliness  and  becau.se  the  former  are  supposed  to  l)e 
more  susceptible  than  the  latter.  This  contention  is  denied  by  others. 
The  sex  of  the  animals  seems  to  be  iramateriid. 

During  the  period  of  use,  the  calves  are  fed,  according  to  age,  with 
eitlier  an  exclusive  milk  diet,  or  they  are  given,  in  addition,  fresh  hay. 
The  greatest  cleanliness  in  regard  to  the  bedding  and  stalls  nnist  be 
observed  and  .separate  stables  should  be  available  for  the  animals  under 
treatment  and  tho.'ie  under  observation  before  treatment.  These  stables, 
if  possible,  should  be  so  built  that  they  can  be  easily  scoured  and  flu.-4he<i 
with  water,  and  stalls  should  be  disinfected  after  occupation.  If  possible, 
stables  should  be  artificially  heated  and  a  comfortable  temperature 
maintained.     Halters  and  fastenings  should  be  so  arrange<l  that  the 

>  CalmaUe  and  Guerin,  Ann.  de  I'iniit.  Pasteur,  1902.  '  Paul,  loo.  cit. 
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animals  can  not  lick  the  scarified  surfaces.  Careful  veterinary  control 
before  vaccination  anrl  during  the  period  of  treatment  must  be  ol)served 
in  order  to  eliminate  aniinal^s  with  systemic  disease  or  other  complications. 

The  calves  may  1m?  vaccinated  with  material  taken  from  previously 
vaccinat-ed  animals.  Apain,  they  may  1(e  inoculated  with  "seed  virus" 
obtained  from  the  vesicles  of  human  vaccinia.  This  method  of  using 
humanized  virus  for  the  inoculation  of  calves  for  vaccine  production  is 
preferred  by  many  workers  and  is  spoken  of  as  "retro vaccination." 

Park  '  believes  that  the  most  efficient  and  reliable  seed  virus  consists 
of  what  he  calls  hunmn-culf-rabbit  seed  \nrus.  Crusts  from  healthy 
children,  19  d.-iys  after  vaccination,  are  collected.  These  are  cut  up  and 
emulsified  with  boiled  water.  With  this  an  area  of  about  6  inches  square 
on  a  calf,  the  remainder  of  which  is  vaccinattn;!  the  ordinary  way,  is  in- 
oculated. The  vnrus  from  this  space  is  separately  collected  and,  after 
being  glycerinatcd,  is  used  in  dilution  of  1  to  12' 2  parts  of  salt  solution 
to  vaccinate  rabbits  on  the  shaven  skin  of  the  back.  The  pulp  from  this 
rabbit  vaccination  is  then  used  for  calf  vaccination. 

Actual  vaccination  of  the  animals  is  done  as  follows:  Calves  which 
have  Ixren  kept  under  observation  for  at  least  a  week  are  thoroughly 
washed  and  cleaned  and  the  abdomen  is  clipped  and  shaved  over  an  area 
extending  from  the  cnsifomi  cartilage  to  the  pubic  region,  including 
the  entire  width  of  the  belly  and  the  inner  folds  of  the  thighs.  It  is 
best  to  shave  the  animal  a  day  or  two  before  vaccination  so  as  to  avoid 
fresh  scratches  and  excoriations.  Just  before  actual  operation  the 
animal  is  strapped  to  a  specially  constructed  operating  table  in  such  a 
way  as  to  allow  free  access  to  the  shavett  area.  This  area  is  now  thor- 
oughly washed  with  soap  and  water  followed  by  alcohol,  or,  in  some 
institutes,  by  a  weak  solution  of  lysol.  If  the  latter  is  used,  the  field 
of  operation  must  again  be  thoroughly  rinsetl  with  sterile  water.  About 
a  hundreil  small  scarifications  are  niaite  in  this  area,  preferably  by 
crossed  scratches,  covering  for  each  scarification  an  area  of  about  3-4 
square  centimeters.  Into  these  areas  the  virus  is  nibbed,  using  for  each 
small  area  a  quantity  alxiut  sufficient  to  vatrcinatc  three  children.  Two 
to  three  centimeter  spaces  are  left  between  the  lesions.  The  lesions  are 
then  allowed  to  dry  and  niaj'  be  covered  with  sterile  gauze  or,  Jis  in 
Vienna,^  with  a  paste  made  up  of  Ijeeswax,  gum  arabie,  zinc  oxid,  water, 
and  glycerin.    In  some  institutes  the  lesions  are  left  entirely  uncovered. 

Onlinarily  within  aftout  twenty-four  hours  after  vaccination  a  narrow 
pink  areola  appears  about  the  scratches.    Within  forty-eight  hours  the 
'  Park  and  WMianui,  Path.  Microorg.,  N.  Y.,  1914,  p.  5m.     '  Paul,  loc.  cit. 
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Bcratchca  thpmsolves  become  slightly  raised  and  papular,  and  within  four 
or  six  daj'a  typical  vaccinia  vesicles  have  usually  developed. 

To  obtain  the  vaccine  from  such  lesions,  the  entire  operative  field  is 
carefully  washe<l  with  warm  water  and  soap,  followed  by  sterile  wat<T. 
In  some  cases  two  per  cent  lysol  is  employed,  but  must  again  be  thor- 
oughly removed  by  subsequent  washing  with  sterile  water.  Crusts,  if 
present,  are  then  carefully  picked  off  and  the  entire  contents  of  the  vesi- 
cle, sticky  serum,  and  pulpy  exudate  removed  by  the  single  sweep  of  a 
spoon-curette.  The  curettetl  msusses  are  caught  in  sterile  beakers  or 
tubt's  and  to  them  is  added  four  times  their  weight  of  a  mixture  of  glyce- 
rin fifty  parts,  water  forty-nine  parts,  and  carbolic  acid  one  part.'  Ger- 
man workers  prefer  a  mixturt>  of  glycerin  eighty  parts,  and  water  twenty 
parts,  omit  ting  the  use  of  carbolic  acid.  The  glycerinate<l  pulp  is  allowed 
to  stand  for  three  or  four  weeks  in  order  to  allow  bacteria,  which  are 
invariably  pre-sent,  to  die  out.  After  preservation  for  such  a  length  of 
time,  iiion-ovor,  thorough  emulsification  is  obtaine<l  more  easily  than 
when  this  is  attempted  immediately  after  curettage.  At  the  end  of 
three  or  four  weeks,  the  glycerinatcd  pulp  is  thoroughly  triturated, 
either  with  mortar  and  pestle  or  by  means  of  specially  constructed  trit- 
urating devices.  Pulp  iv>  prepared  shovild  remain  active  for  at  least  three 
months  if  properly  presers'cd  in  sealed  tubes  in  a  dark  and  cool  place. 

From  the  .serum  wizing  from  the  bases  of  the  lesions,  after  curettage 
bone  or  ivory  slips  may  Iw  charged  for  vaccination  with  dry  virus.  The 
glycerinate<l  pulp  is  put  up  in  small  capillarj'  tubes,  sealed  at  both  ends, 
and  distributed  in  this  forin.  Park  states  that  a  calf  should  jneld  about 
10  grams  of  pulp  (which  when  made  up  should  suffice  to  vaccinate  1,500 
persons),  and,  in  addition,  alwut  2(X)  charged  Iwne  slips. 

The  virus  may  be  t«'sted  for  its  effi(;iency  by  a  variety  of  methods. 
Calmef  tc  and  Cluerin  '  inoculate  rabbits  upon  the  inner  surfaces  of  the 
ears  and  estimate  the  potency  of  the  virus  from  the  speed  of  develop- 
ment and  exti'iisiveness  of  the  resulting  lesions.  Guerin'  has  estimated 
the  potency  of  virus  quantitatively  by  a  method  depending  upon  the 
inoculation  of  rabbits  with  a  series  of  dilutions.  Beginning  with  a  mix- 
ture containing  equal  weights  of  glycerin  and  vaccine  pulp,  dilutions  are 
made  with  sterile  water  ranging  from  1  in  10  to  1  in  100.  Rabbits 
are  shaveti  over  the  skin  of  the  back  and  1  c.c.  of  each  of  these  dilu-' 
tions  is  rubbed  into  the  shaved  areas.    Fully  potent  virus  should  cause 

'HuddUtIm,  quoted  in  Park,  "Pathogenic  BncUsria,"  N.  Y.,  190a 
•  Calmetle  and  Guerin,  Ann.  de  I'inst.  Pasteur,  1902. 
*Gti«n>i,  Ann.  de  I'inst.  Pasteur,  1005. 
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closely  approximated  vesiclos  in  a  dilution  of  1  in  500,  and  numeroua 
isolated  vesicles  in  a  dilution  as  high  as  1  in  1 ,000. 

Quantitative  estimations  of  the  bacteria  in  tlie  glycerinated  virus 
should  bo  made  by  the  jilating  method  anf!  the  vaeeinc  used  only  when 
after  sevend  weeks  of  preservation  the  numbers  of  the  bacteria  have 
been  greatly  diminishod.  In  glycerinated  pulp  the  bacteria  will  often 
disappear  entirely  in  the  course  of  a  montli.  The  vaccine  should  also 
be  tested  for  the  possible  presence  of  t-etanus  bacilli,  by  the  inoculation 
of  white  mice.' 

Vaccination  of  human  beings  is  performed  by  slightly  scarifying  the 
skin  of  the  arm  or  leg  with  a- sharp  sterile  needle  or  lancet  and  mbbing 
into  the  lesion  potent  vaccine  virus.  The  virus  was  formerly  dricii  upon 
wood,  bone,  or  ivory  slips  and  moisteneil  with  sterile  water  before  the 
operation.  At  the  present  day  the  glycerinated  pulp  is  almost  univer- 
sally employed. 

That  vaccination  k  of  incalculable  benefit  to  the  human  race  is  no 
longer  a  question  of  opinion,  and  opposition  to  the  practice  is  explicable 
only  on  the  basis  of  ignorance.  Statistical  compilations  upon  thLs  point 
arc  very  numerous.  It  may  suffice  to  select  from  the  voluminous 
literature  a  single  example,  taken  from  Jiirgensea,  which  embodies  the 
statistics  of  death  from  smallpox  in  Sweden,  during  the  periods  immedi- 
ately preceding  and  following  the  introduction  of  vaccination.  In  that 
country  the  first  vaccination  was  clone  in  ISOl.  By  1810  the  pnictiee 
was  generally  in  use  but  not  enforced.  In  1S16  it  was  legally  enforced. 
The  years  from  177-t  to  1S55  can  thus  be  divided  into  three  periods. 

1.  Ppe^•accinnl  period,  1774-1801  (25  years).     Deaths  smallpox  per 

million  ttihahitantB 2,050 

2.  Tranaitiorml  period,  1801-1810  (9  years) 680 

3.  Vaccination  enforced,  1810-1855  (35  years) 169 

Prcvaccinal  period  death  rate  20.00  per  mille. 
Vaccinal  period  death  rate        0. 17  per  mille. 

In  considering  the  benefit  of  vaccination  it  must  not  be  forgotten 
that  revaccimition  is  quite  as  important  as  the  hrst  vaccination,  which 
confers  immunity  only  for  from  seven  to  ten  years.  A  child  should  there- 
fore l)e  vaccinated  .soon  after  birth  or  at  least  before  the  eighth  month, 
and  the  process  should  be  repeated  every  seven  years  thereafter. 

'  Paul,  loc.  dt. 
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The  discasti  known  as  acute  anterior  poliomyelitis  has  long  been 
recognized  us  an  acute  infectious  condition,  both  because  of  the  charac- 
teristics of  its  clinical  manifestations  and  of  its  epidemic  occurrence. 
For  these  reasons  it  was  classified  with  acute  infectious  diseases  by 
Marie  and  by  Striim{)ell  long  before  any  experimental  evidence  of  in- 
fection was  obtainable. 

Its  contagiousness,  while  not  a  proven  fact,  seemed  very  likely  from 
the  evidence  of  its  mode  of  spreading  and  has  been  removetl  from  the 
sphere  of  mere  conjecture  by  the  careful  study  of  a  Swedish  epidemic, 
comprising  one  thousand  case«,  made  by  Wickman.' 

While  acute  anterior  poliomyelitis  is  almost  exclusively  a  disease  of 
childhood,  it  is  assuincd  by  clinicians  that  it  is  etiologicjJly  closely  re- 
lated to,  possibly  itlentical  with,  certain  diseases  of  the  adult,  character- 
ized by  bulbar  paralysis  and  acute  enrcphaUtis.  Into  this  category, 
also,  some  obser\'ers  place  the  condition  known  as  "  Landry's  paralysis." 
The  basis  for  the  identification  of  these  conditions  with  poliom^'elitis 
lies  cliiefly  in  the  similarity  of  the  pathological  lesions  and  upon  the 
fact  that  the  last-nauieil  di.seasea  occur  most  often  during  the  course  of 
poliomyelitis  e[Mdcniics. 

In  con.sequence  of  the  emphatically  expressed  opinion  as  to  the  infec- 
tious nature  of  acute  poliomyelitis,  the  efforts  to  isolate  specific  micro- 
organisms from  cases  have  been  many,  and  numerous  microorganisms 
liave  been  described  as  the  causative  agents  of  this  disease.  The  out- 
come of  all  these  investigations  has  been  purely  negative  and  the  infec- 
tious agent  of  acute  poliomyelitis  still  remains  undiscovered.* 

An  important  advance  in  the  study  of  tlu's  di.sease  wjus  made  in  1908 
when  Landsteiner  and  Popper'  succeeded  in  tran.smitting  it  to  two 
monkeys  (Cynocephalua  hamadryas  and  Macacus  Hiesiia).   The  trans- 


>  Wiekman,  quot«d  from  Landsteiner  and  Popper,  Zeit.  f.  Immunitataforch 
1909. 

>  For  literature,  aoe  Landsteiner  and  Popper,  loa  dt 
•  Loc  cit. 

mi 


H, 


ACUTK    ANTKHItJR    POI.IOMYKUTIS 


mission  was  accomplished  by  tntrapcritoncjxl  iiijcctioos  of  a  saiinc  emul- 
sion of  the  spinal  cord  of  a  child  Ihat  had  died  during  the  fourth  day 
of  an  attack  of  infantile  paralysis — tluring  the  stage  of  acute  fever.  The 
first  monkey  injected  became  severely  ill  six  days  after  the  injection  and 
died  on  the  eighth  day.  The  second  animul  became  paralyzed  seventeen 
days  after  the  injection  and  was  killed  two  days  later.  Cultural  experi- 
ments with  the  substance  injected  were  negative,  as  were  also  inocula- 
tion experiments  carried  out  upon  guinea-pigs,  rabVjits,  and  mice.  Tho 
histological  lesions  produced  in  the  inoculated  monkeys  were  similar 
to  those  occumng  in  children  afflicted  with  the  disease. 

An  attempt  to  transmit  the  disease  to  another  monkey  with  spinal- 
cord  substance  of  the  animal  that  was  killed  resulted  negatively. 

Soon  after  the  successful  experiments  of  Landsteiner  and  Popper,  a 
similar  result  was  recorded  by  Knoepfclmacher.'  An  attempt  to  trans- 
mit the  diseast!  from  monkey  to  monkey  was  again  negative. 

*  Similar  po.sitive  inoculation  results  were  publi.yhe<l,  a  little  later  than 
this,  by  Flexner  and  Lewis  *  in  November,  1LI09,  and  by  Strauss  and 
Huntoon'  in  Januarj',  1910. 

Flexner  and  Ijcwia,  in  their  work,  moreover,  succeeded  in  trans- 
mitting the  disease  through  several  inoculation-generations  of  monkeys, 
prov^ing  thereby  that  successful  inoculation  did  not  depend  merely 
upon  the  transfer  of  an  unorganized  toxic  body,  but  was  due  to  a  true 
infection.  The  same'workera*  have  a.scertained  that  inoculation  may 
be  successfully  applied  not  only  by  the  intraperitoneal  route  but  intra- 
cerebrally,  subcutaneously,  intravenously,  and  by  the  path  of  the  larger 
ner\'e8.  They  also  proved  that  not  only  the  brain  and  cord  of  afflicted 
animals  contains  the  virus,  but  that  thi.s  may  be  foimd,  during  the 
early  days  of  the  disease  at  least,  in  the  spinal  fluid,  the  blood,  the 
nasopharyngeal  mucosa,  and  lymph  nodes  near  the  site  of  inoculation. 

Landsteiner  and  Levaditi,^  meanwhile,  experimenting  with  the  virus 
independently,  succeeded  in  transferring  the  disease  from  one  auinuil  to 
others,  demonstrated  that  the  virus  could  pa.ss  through  the  pores  of  a 
Berkefeld  filter,  and  showed  that  the  virus  was  present  in  the  salivary 
glands — a  fact  which  may  prove  of  great  importance  in  possibly  estab- 


•  Knoepfelmacfter,  Mediz.  Klinik,  v,  1909. 

•  Flexner  and  Lewis,  Jour.  .'Vin.  Me<l.  Assn.,  53,  1909. 

•  Strauas  and  Ihttitoon,  N.  Y.  Med.  Jour.,  Jan.,  1910. 

•  Flemer  and  Lewis.  Jour.  Exp.  Med.,  12.  1909. 

•  LandKteiruT  and   Lenaditif  Comptea  rend,  de  la  boo.  de  biol.,  Nov.,  1909,  and 
Dec.,  1909. 
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lishing  a  clew  to  the  mode  of  contagion  among  human  beings.  The  same 
authors,  as  well  as  Flexner  and  Lewis,  were  able  to  show  that  the  virus 
was  preservable  under  glycerin  for  as  long  as  ten  days  and  retained  its 
virulence  for  from  seven  to  eleven  days  when  dried. 

According  to  Flexner  and  Lewis  the  virus  remains  active,  when 
frozen,  for  as  long  as  forty  days,  but  is  extremely  seasitive  to  heat, 
l>eing  destroyed  by  a  temperature  of  from  45°  to  50°  C.  maintained  for 
thirty  minutes. 

Experiments  aimed  at  the  isolation  or  even  morphological  detection 
of  a  parasite  in  the  virulent  material  have  been  entirely  without  succes.s 
until  recently.     Bacteria  which  in  the  past  have  been  isolated  from     _ 
nerve  substance  and  spinal  fluid  in  cases  of  poliomyelitis  can  of  course    f 
be  excluded  from  etiological  significance  by  the  recent  determination  of 
the  filtrability  of  the  virus  as  determined  by  Flexner  and  Lewis,  and 
Landsteiner  and  Levaditi.     Small  coccoid  forms  in  smears  from  the 
nerve  tissue  recently  described   by  Proi-scher'  are  of  very  uncertain 
sitrnilifjince.    The  Btreptococci  recently  described  by  Rosenow  are.  in 
our  (ipinidn,  secondary  invaders.     The  most  iiiiportiint  c>nitributiou 
which  lias  been  made  in  the  .solution  of  this  problem  is  that  of  Flexner    S 
and  Notruchi.'    The.se  investipators  placir'd  sniall  bits  nnd  emulsions  of     ^" 
the  brain  of  monkeys,  dead  of  poliomyelitis,  in  hiirli  tubes  containing 
human  ascitic  fluid  tofjether  with  a  piece  of  fresh  sterile  rabbit  kidney. 
In  all  es.sentials  the  method  was  that  followed  by'Nogruchi  in  his  ciiiti-      ^ 
vation  of  Treponema  pallidunj.    It  was  necessary  to  use  fresh  unheated     f 
ascitic  fluid.    Heat  sterilization  rendered  it  imsuitable. 

By  this  method,  after  five  days  opalescence  appeared  about  the 
pieces  of  tissue.  This  increased  until  the  tenth  day,  when  setiimenta- 
tion  began.  Jlieroscopical  examination  by  Giemsa's  niethoti  of  stain- 
ing revealed  small  globoid  bodies  measuring  from  0.15  to  0.3  micron  in 
diameter,  arranged  in  pairs,  short  chains,  and  masses.  Similar  bmliea 
could  later  be  found  in  poliomyelitis  tissues.  Cultures  were  obtained 
from  plycerinated  as  well  as  from  fresh  vims  and  from  the  filtered  as 

well  as  the  unfiltered  material.     Typical  lesions  and  death  have  been    

produced  in  monkeys  with  such  cultures  in  a  few  cases.  H^l 

We  have  few  data  which  throw  light  upon  possible  immunity  to  tli?^^ 
disease.     Repeated  attacks  of  tbc  disease  in  the  same  human  being 
have  not  been  noted;  but  this,  as  Flexner  and  Lewis  point  out,  may 
be  due  to  the  fact  that  the  epidemics  are  rare,  and  individuals  once 

'  Proeschrr,  N.  Y.  MmI.  .I..ur„  1013. 

*  Flexner  and  Nogvclii,  Jour,  of  Exp.  Med.,  xviii,  1913. 
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afflicted  have  passed  beyond  the  susceptible  age  by  the  time  of  the  sec- 
ond epifJeinic.  As  a  matter  of  fact,  however,  these  workers  have  not 
succeeded  in  reinfecting  monkeys  that  had  recovered. 

In  chickens  a  disease  has  been  observed  similar  in  many  ways  to 
poliomyelitis,  but  further  study  has  shown  this  to  be  a  polyneuritis. 

Of  other  animals  besides  monkeys,  rabbit.s  only  have  been  success- 
fully inoculated  with  this  disease.    Transmission  to  these  animals  was 
bfirst  reported  by  Kraus  and  Meinicke  '  and  later  by  Lentz  and  Ilunto- 
miiller.-    Marks  ^  has  studied  the  disease  in  rabbits  thoroughly,  and 
concludes  that  there  is  no  doubt  that  the  virus  can  be  cultivated 
through  a  limited  numlier  of  generations  in  rabbits.    He  was  able  to 
transmit  to  monkeys  from  rabbit  material.    The  disease,  however,  does 
fDot  resemble  that  of  man  or  monkeys  olinically  and  no  definite  lesions 
jof  the  central  nervou.s  sy.stem  arc  present.    The  rabbits  .seem  perfectly 
Iwell  for  six  or  seven  days,  when  rapid  weakness  and  death  in  con- 
Iviilsions  occur. 

Animals  which  have  been  unsuccessfully  injected,  even  with  living 
virus,  do  not  develop  immunity.  However,  animals  that  have  been 
supeessfuUy  inoculated  and  recovered  are,  like  human  beings,  thereafter 
immune.  Levaditi  and  Land.steiner,  Roemer  and  Joseph,  and  Flexner 
and  Lewis  have  shown  that  the  serum  of  recovered  monkeys  will  pro- 
tect nornml  animals  from  fatal  do.ses  of  the  virus.  That  the  same  pro- 
tective power  for  monkeys  has  been  shown  in  the  serum  of  hunmn 
recovered  case.s,  is  shown  by  the  same  authors  and  by  Anderson  and 
Frost,  consequently  the  intraspinous  injection  of  the  serum  of  recently 
recovered  children  into  patients  in  high  stages  of  the  disease  has  re- 
cently been  advocated  and  is  tliougbt  well  of  by  a  number  of  observers. 
This  work,  however,  has  not  readied  completion  and  final  judgment 
must  be  withhehl. 


'  Kraus  und  Meinirkf,  Deut.  med.  Woch.,  xxxv,  1909. 
'  LenU  und  ftiinleniulUr,  Zeilschr.  f.  Hyg.,  Ixvi,  1910. 
•  Marks,  Jour,  of  Exp.  Med.,  xiv,  1911. 
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Yellow  fever  is  an  acute  infectious  disease  which  prevails  endenii- 
cally  mthc  tropical  countries  of  the  Western  Hemisphere,  but  occurs  also 
along  the  western  coast  of  Africa  and  has  exceptionally  appeared,  in 
epidemic  invasions,  in  the  north  temperate  United  States  and  Europe. 
Guitenus,  as  quoted  by  Osier,  classifies  the  distribution  of  the  disease  into 
three  areas  of  infection. 

1.  The  area  in  which  the  disease  is  never  absent,  including  tropical 
South  American  ports  and  Havana. 

2.  The  area  of  periodic  epidcnucs,  including  sea-ports  of  the  tropical 
Atlantic  in  America  and  Africa. 

3.  The  area  of  accitlental  epidemics,  extending  from  parallel  45° 
north  latitu<lc  to  35°  south  latitude.  In  the  United  States  severe  epi- 
demics have  frequently  occurred  in  Louisiana,  Missis-sippi,  and  Alabama. 
and  occasional  but  severe  epidemics  have  occurred  in  Philadelphia  and 
Baltimore. 

The  disease  occurs  spontaneously  only  in  man,  and  oxperimeutal 
inoculation  of  lower  animals  has  been  successful  only  in  the  chimpanzee 
in  a  single  case  reported  by  Thomas.' 

In  man  afflicted  with  the  malady  the  clinical  picture  is  one  of  a  rapidly 
developing  fever  with  severe  gastrointestinal  symptoms,  vomiting  of 
blood,  albuminuria,  and  often  active  delirium.  The  mortality  is  usually 
high,  often  reaching  eighty  per  cent  or  more  in  the  severe  epidemics. 

Etiolog^y  and  Method  of  Transmission. — The  actual  infective  agent 
which  causes  yellow  fever  is,  as  yet,  unknown.  Numerous  researches 
have  been  aimed  at  the  elucidation  of  the  problem,  and  microorganisms, 
for  which  etiological  signifirnnce  was  claimed,  have  been  i.solated  from 
the  dejecta,  the  vomitus,  and  the  .•secretions  of  afflicted  patients.  None 
of  these  claims  has  been  supported  by  convincing  proof  anil  none  of 
them  has  found  sulj.sequent  confirmation. 

A  few  of  these  claims  only  have  historical  importance  because  of  the 
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widespread  interest  they  aroused  among  bacteriologists.  Comii  and 
Babes,'  in  1SS;J,  described  chained  cocci  to  which  they  attributed  etio- 
logical significance,  but  their  contentions  have  remained  entirely  un- 
confirmed. Sternberg,'  in  1S97,  described  a  colon-like  organism,  "bacil- 
lus X,"  for  which  he  made  very  conservative  claims,  which  he  himself, 
later,  withdrew. 

The  most  active  discussion  was  aroused  by  the  announcement  of 
SanarcUi,'  in  1S97,  that  he  had  discovered,  in  the  blood  and  tissues  of 
patients  dead  of  yellow  fever,  a  Gram-negative  bacilluH,  which  he  be- 
lieved to  be  the  etiological  agent  of  the  disease.  He  based  hi.s  contention 
uix)n  the  facts  that  he  had  isolated  the  oi-gani.siii  from  .seven  cases  of 
yellow  fever,  had  produced  symptoms  similar  to  the  disease  of  the  human 
being  by  the  inoculation  of  pure  cultures  into  dogs,  and  had  obtained 
agglutination  of  the  bacillus  in  the  .scrum  of  convalescent  patients.  Later 
he  inoculated  five  human  beings  subcutiineously  with  sterilized  cultures 
of  this  "  Bacillus  icteroides,"  and  obtained  symptoms  which  he  believed 
simulated  closely  those  of  yellow  fever.  The  claims  of  Kanarclli  at  first 
found  much  apparent  confirmation,  but  later  work  by  Durham  and 
Myers,*  Otto,'  Agramonte,"  and  other*!  hits  definitely  rcfutetl  his  original 
claims,  and  there  is  to-day  no  scientific  hiis'is  for  the  assumption  that 
the  BacUlus  icteroides  has  any  etiological  relationship  to  the  tliscase. 
Protozoan  ineitants,  also,  have  been  ilescribed  by  Klebs,'  Schidler,' 
Thayer,*  and  others,  without  bringing  conviction  or  even  justifying 
extensive  investigation  of  their  claims. 

While  thus  the  causative  agent  of  yellow  fever  remains  imdLscovered, 
some  of  its  biological  properties  are  knovsm.  Reed,  Carroll,  .\gramonte. 
and  Lazear'"  were  able  to  show  that  the  infecting  agent  is  present  in 
the  blood  serum  of  patients  iluring  the  first  three  days  of  the  disease 
and  that  it  could  pass  through  the  pores  of  Berkefeld  filters.  Such 
Hltereil  .serum  remained  infectious  for  human  beings — a  fact  which  de- 
mon.strates  that  the  incitant  is   extremely  small   and  possibly  idtra- 

'  Corm'l  and  Babes,  Compt«8  rend,  de  I'acad.  des  aci..  1883. 
tfltimherg,  Cmt.  f.  Bakt..  I.  xxti,  1SQ7. 

•  Savarelli.  .•Vnn.  del'inst.  Pasteur,  1897, and  Cent.  f.  Bakt.,  I,  xxii , xxvii, and  xxix. 

•  Lhtrliani  and  .\fi/erK,  Th<jnip«oii  Yates  Laboratory  Rpports  3   1902. 
'Olto,  Vierteljahrsch.  f.  gericht.  Me<liiin,  etc.,  27,  1904. 

•  Agramonte,  N.  Y.  Med.  News,  1900. 

'  Klebs.  Jour.  .Am.  Meil.  Assn.,  April,  1868. 
fSchuller,  Beri.  klin.  Woeli..  7,  1900. 

•  Thayer,  Med.  Record,  1907. 

■  Reed,  Carroll,  Agranumle,  and  Lazear,  Phila.  Med.  Jour.,  1900. 
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microscopic.  Blood  serum,  filtered  or  unfiltered,  becomes  non-infectious 
when  heated  to  50°  C.  for  ten  minutes. 

Mode  of  Transmission. — Until  comparatively  recent  years  the  mode 
of  transmission  of  yellow  fever  was  not  understood  and  many  erroneous 
theories  were  prevalent.  It  was  supposed  that  yellow  fever  was  conta- 
gious, and  transmitted  from  person  to  person  by  direct  or  indirect  con- 
tact with  those  afflicted  or  by  fomites.  The  first  to  make  the  deSnite 
assertion  that  yellow  fever  was  transmitted  by  the  agency  of  mosquitoes 
was  Carlos  Finlay.  Finlay,'  as  early  as  1881,  advanced  the  theor>-  that 
mosquitoes  were  responsible  for  the  transmission  of  this  disease  and,  fur- 
thennore,  recognized  "Stcgomyia  fasciata"  or  "  Stegomyia  calopus  "  as 
the  guilty  species.  Finlay's  opinion,  although  later  proved  to  be  correct, 
was  at  first  based  only  upon  such  circumstantial  evidence  as  the  corre- 
spondence of  the  yellow-fever  zones  with  the  distribution  of  this  species 
of  mosquito  and  the  great  prevalence  of  mosquitoes  at  times  during 
which  epidemics  occurred.  His  theory  was,  therefore,  received  w^ith 
much  skepticism  and  was  neglected  by  scientists  until  its  revival  in 
1900,  when  the  problem  was  extensively  investigated  by  a  commission 
of  American  army  surgeons. 

Reed,  Carroll,  Agramonte,  and  Lazcar  were  the  members  of  this 
commission.  The  courage,  self-sacrifice,  and  scientific  accuracy  which 
characterized  the  work  of  these  men  have  made  the  chapter  of  yellow 
fever  one  of  the  most  brilliant  in  the  annals  of  American  scientific 
achievement. 

Their  work  was  much  facilitated  by  the  experience  of  Goiigas  *  and 
others,  who  had  ilemonstrated  the  absolute  failure  of  ordinary  sanitary 
regulations  to  limit  the  spread  of  yellow  fever. 

They  began  their  researches  by  investigating  carefully  the  validity 
of  Sanarelli's  claims  as  to  the  etiological  significance  of  his  "  Bacillus 
icteroides."  The  results  of  this  work  yielded  absolutely  no  basis  for 
eonfinnation. 

They  then  proceeded  to  investigate  the  possibility  of  an  intermediate 
host. 

In  August,  1900,  the  commission  began  its  work  on  this  subject  by 
allowing  mosquitoes,*  chiefly  those  of  the  stegomyia  species,  to  suck 

•  Finlaij,  Ann.  Roy.  Aoul.  d.  Havana,  1881. 
» 6'orj^j».  Jour,  of  Trop.  Med..  1903. 

*  Reed,  Carroll,  Agramonte,  and  Laxear,  Philn.  Mod.  Jour.,  Oct.,  1900;  alao  Am. 
Pub.  Health  Assn.  Rep.,  1903;  Agramonte,  N.  Y.  Meil.  News,  1900;  Reed,  Jour,  of 
Hyg.,  1902;  Reed,  Carroll,  and  Agramonte,  Am.  Mcdjcine,  July,  1901.    Boston  Med. 
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blood  from  patients,  later  causing  the  same  insects  to  feed  upon  normal 
Misticptible  individuals.  The  first  nine  experiments  were  negativr. 
The  tenth,  of  which  Carroll  was  the  subject,  was  successful.  Four  day.« 
after  Ijeing  bitten  by  the  infwted  insert  Carroll  l)ecame  severely  ill  with 
an  attack  of  yellow  fever,  by  whinh  his  life  was  endangered,  and  from 
tlie  effects  of  which  he  died  several  years  hiter. 

On  the  13th  of  September,  Lazear,  while  working  in  the  yellow-fever 
wards,  noticed  that  a  stegomyia  had  settled  upon  hi.s  hand,  and  deliber- 


Fio.  155. — Steoomyia  Fasciata.    (n)  Female.    (6)  Male.    (After  Carroll.) 


ately  allowed  the  insect  to  drink  its  fill.  Five  days  later  he  became  ill 
with  yellow  fever  and  died  after  a  violent  and  short  illness. 

With  these  experiences  as  a  working  ba.si.s,  the  commission  now 
decided  upon  a  more  systematic  anti  thorougldy  controlled  plan  of 
experimentation. 

In  Noveml>er  of  the  same  year,  190O,  an  experiment  station,  "Camp 
LaJ.ear,"  was  e.stablLsheti  in  the  neighborhood  of  Havana,  about  a  mile 
from  the  town  of  Qucmados.  The  camp  was  surrounded  by  the  strictest 
quarantine.  Vokmteers  from  the  army  of  occupation  weix>  called  for, 
and  twelve  individuals  were  selected  for  the  camp,  thi-ce  immunes  and 
nine  non-imraunes.    Two  of  the  latter  were  physicians.    The  immunes 

and  Surg.  Jour.,  14,  1901;  Carrolt,  Jour.  Am.  Med.  Assn.,  40, 1903;  Carrol,  "yellov- 
Fever"  in  Mense,  "  Handbucli  dcr  Tropen-Kraiikheiten,"  ii. 
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anil  the  members  of  the  commission  only  were  allowed  to  go  in  and  out. 
All  non-immunes  who  left  the  camp  were  prohibiteti  from  re-entering  and 
their  places  t^ken  by  other  non-immune  volunteers.  During  December, 
five  of  the  non-immune  inmates  were  successfully  inoculated  with  yel- 
low fever  by  means  of  infected  mosquitoes.  During  January  and  Febru- 
arj'  five  further  successful  experiments  were  made.  Clinical  observa- 
tions were  made  by  experienced  native  physicians,  Carlos  Finlay  among 
them,  and  the  patients,  as  soon  as  they  were  unquestionably  ill  with 
yellow  fever,  were  removed  to  a  yellow-fever  hospital.  This  was  done 
to  prevent  the  possibility  of  the  disease  spreading  withm  the  camp  it- 
self. The  mosquitoes  used  for  the  experiments  were  all  cultivated  from 
the  larva  and  kept  at  a  temperature  of  about  26.5°  C. 

A  further  important  e.vperiment  was  now  made  A  small  house  was 
erected  and  fitted  with  absolutely  mosquito-proof  windows  and  doors. 
The  interior  was  divided  by  wire  mosquito  netting  into  two  spaces.  With- 
in one  of  these  spaces  fifteen  infected  mosquitoes  were  liberated.  Seven 
of  these  had  fed  upon  yellow-fever  patients  four  days  previously;  four, 
eight  days  previously;  three,  twelve  days  previously;  and  one,  twenty- 
four  hours  previously.  A  non-immune  person  then  entered  this  room 
and  remained  there  about  thirty  minutes,  allowing  himself  to  l>e  bitten 
by  seven  mos<juitoes.  Twice  after  this  the  same  person  entered  the 
room,  remaining  in  it  altogether  sixty-four  minutes  and  being  bitten  fif- 
teen times,    .\fter  four  days  this  indivichial  came  down  with  j-ellow  fever. 

In  the  other  room  two  non-immunes  slept  for  thirteen  nights  with- 
out any  evil  results  whatever. 

It  now  remained  to  show  that  mosquitoes  were  the  sole  means  of 
transmission  and  to  exclude  the  pos-sibility  of  infection  by  contact  with 
excreta,  vomitus,  or  fomites.  For  this  purpose  another  mosquito-proof 
house  was  constructed.  By  artificial  heating  its  temperature  was  kept 
above  32.2°  C.  and  the  air  was  kept  moist  by  the  evaporation  of  water. 
Clothing  and  bedding,  vessels,  and  eating  utensils,  soiled  with  vomitus, 
blood,  and  feces  of  yellow-fever  patients  were  placed  in  this  house  and 
three  non-immune  persons  inhabited  it  for  twenty  days.  During  this 
time  they  were  strictly  quarantined  and  protected  from  mosquiux-s. 
Each  evening,  before  going  to  bod,  they  unpacked  and  thoroughly 
shool  clothing  and  bedding  of  yellow-fever  patients,  and  hung  and 
scattered  these  materials  about  their  beds.  They  slept,  moreover,  in 
contact  with  linen  and  blankets  soiled  by  patients.  None  of  these 
persons  contracted  yellow  fever.  The  same  experiment  was  twice  re- 
peated by  other  non-immunes,  in  both  cases  with  like  negative  results. 
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All  of  the  non-immunes  tfiking  part  in  these  experiments  were 
American  soldiers.  Four  of  thi-m  were  later  shown  to  be  susfeptiblc 
to  yellow  fever  by  the  agencies  of  mosquito  infection  or  blood -injection. 

The  results  obtained  by  the  i;ivestigations  of  this  commLssion  may 
be  summarized,  therefore,  as  follows: 

Yellow  fever  is  acquired  spontaneously  only  by  the  bite  of  the 
Stogomyia  fasciata.  It  is  necessary  that  the  infecting  insect  shnll  hiive 
sucked  the  blood  of  a  yellow-fever  patient  during  the  first  four  or  five 
flays  of  the  disease,  and  that  an  interval  of  at  least  twelve  days  shall 
have  elap.s'id  between  the  sucking  of  blood  and  the  irinfection  of  an- 
other human  being.  Sucking  of  the  blood  of  patients  advanced  beyond 
the  fifth  day  of  the  disease  does  not  seem  to  rentier  the  mosquito  infec- 
tious, iuid  at  lea.st  twelve  days  are  apparently  requireci  to  allow  the  para- 
site to  develop  within  the  infected  mosquito  to  a  stage  at  which  rein- 
fection of  the  human  being  is  possible. 

The  results  of  the  American  Commission  were  soon  confirmed  by ' 
Guitcras  '  and  by  Marchoux,  Salimbeni,  and  Simond.'  The.se  latter  ob- 
servers, moreover,  confirmed  the  fact  that  infection  could  be  experi- 
mentally produced  by  injections  of  blood  or  blood  serum  taken  from 
patients  during  the  first  three  days  of  the  disease.  They  showed  that 
blood  taken  after  the  fourth  day  was  no  longer  infectious :  that  0. 1  c.c. 
of  senmi  sufficed  for  infection  and  finally  that  no  infection  could  take 
place  through  excoriations  upon  the  skin.  They  furthermore  confirmed 
the  observation  of  Carroll  that  the  virus  of  the  disease  could  pa-ss  through 
the  coarser  Berkcfeld  and  Chamberland  filters, — pa.ssing  through  a 
Chamberland  cantlle  "  F  "  buthcldbackbythcfinervariety  known  as*'  B.'' 

The  fundamental  factoraof  yellow-fever  transmiasion  thus  discovered, 
wo  are  in  possession  of  logical  means  of  defense.  The  moat  important 
feature  of  .such  preventive  measures  must  naturally  center  upon  the 
extermination  of  the  transmitting  species  of  mosquito. 

Stegonn-ta  fasciata  or  calopus  i.s  a  member  of  the  group  of  "Culi- 
cida;."  It  is  more  delicately  built  than  most  of  the  other  membci-s  of 
the  group  culieida?,  is  of  a  dark  gray  color,  and  has  peculiar  thorax- 
markings  which  .serve  to  distingui.sh  it  from  other  species.  The  more 
detailed  points  of  differentiation  upon  which  an  exact  zoological  recog- 
nition depends  are  too  technical  to  be  entered  into  at  this  place. 
Briefly  described,   they    consist    of   lyre-like   markings  of  the  back, 


'  Guiierag.  Rev.  d.  mM.  trop.,  Jan.,  I90I,  and  km.  Med..  11.  1901. 
•  Marchoux,  Salimbeni.  and  Simond,  Ann.  de  t'inst.  Pasteur,  190S. 
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unspotted  wings,  white  stripes  and  spots  on  the  abdomen,  and  ba 
like  while  niarkings  about  the  metatarsi  and  tarsi  of  the  third 
of  legs.  The  peculiar  jwwer  of  transmitting  yellow  fever  possc'SB'pil 
by  this  species  is  explained  by  Marchoux  and  Simond  '  by  the  faet 
that  Stegomyia  fasciata  is  unique  among  culicida;  in  that  the  female 
lives  for  prolonged  periofls  after  sucking  blood.  Among  other  spt-riM 
— Culcx  fatigans,  Culex  confirmatus,  and  most  others — the  female  ln>-s 
its  eggs  within  from  two  to  eight  days  after  feeding  on  bloofl  and  rarrly 
lives  longer  than  the  twelfth  day — the  time  necessary  for  the  develop- 
ment of  the  yellow-fever  parasite. 

The  limitation  of  yellow  fever  to  tropical,  countries '  is  explained  by 
the  fact  that  stegomyia  develops  only  in  places  where  high  tempera- 
tures prevail.  The  optimum  temperature  for  this  species  lies  betwwn 
2G°  and  32°  C.  At  17°  C.  it  no  longer  feeds,  and  becomes  practically 
paralyzed  at  15°  C.  In  order  to  thrive,  the  species  requires  a  temperature- 
never  going  below  22°  C.  at  night  and  rising  regularly  above  25°  C. 
during  the  day.  The  females  only  are  dangerous  as  sources  of  infection. 
The  insect,  like  Anopheles,  has  the  peculiarity  of  feeding  chiefly  at  night . 

Experiments  done  by  Reed,  CiuroU,  Agramonte,  and  Lazear,'  tn 
ascertain  whether  the  jjower  of  infecting  was  hereditarily  transmi-Hsibic 
from  the  mosquito  to  following  generations,  were  negative.  A  posit  in 
result,  however,  has  been  reported  by  Marchoux  and  Simond.*  This 
question  nni.st  still  await  more  extensive  research. 

Immunity. — Natural  immunity  against  yellow  fever  was  formerly 
assumed  to  e.xist  in  the  negro  race.  More  nx-ent  investigations  have 
not  borne  out  this  assumption.  The  negro  soldiers  of  the  American 
army  in  Cuba  were  afflicted  equally  with  the  white  troops.  The  rela- 
tive immunity  of  dark-skinned  races,  however,  is  explained  possibly 
by  the  fact  that  the  stegomyia  prefers  to  attack  light-eolored  surfaces. 

A  single  attack  seems  to  protect  against  subsequent  infection 
throughout  life. 

Artificial  immunization  has,  so  far,  been  unsuccessful.  Relative 
immunity  was  produced,  however,  by  Marchoux,  Salimbeni,  and 
Simond,  by  injections  of  the  serum  of  convalescents,  serum  heated  to 
55°  C,  and  of  defibriuated  blood  preserved  for  eight  days  in 
sealed  with  vaseline. 

>  MarrJuiux  and  Simond,  Ann.  de  rinst.  Pasteur,  1906. 

'Otto,  io  KoUeund  Waasernuum,  "Handbuch,"  etc.,  II,  Erganxungabaod. 

•  Loc,  cit. 

•  Marchoux  and  Simond,  Coinpt«a  rend,  de  la  soc-  de  biol.,  59,  1905. 
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MEASLJBS 

The  causative  agent  of  measles  is  unknown  to  the  present  day, 
[and  it  would  l>e  a  thankless  ta.sk  to  re\'iew  the  literature  of  the  many 
[attemptis  to  isolate  microorganisms  from  this  disease,  none  of  which 
I  has  resulted  in  throwing  any  light  on  the  etiology. 

Attempts  to  produce  the  disease  experimentally  have  frequently 
been  made,  the  earliest  recorded  l>eing  those  of  Home  of  Eklinburgh, 
published  in  1759.'  Home  took  blood  from  the  arms  of  patients  afflicted 
l-with  measles,  and  caught  it  upon  cotton,  and  inoculated  normal  in- 
idividuals  by  placing  this  blofxl-stained  cotton  on  to  wounds  made  in 
fcthe  arm.  Home  claimed  that  in  this  way  he  produced  measles  of  a 
[modified  and  milder  type  in  fifteen  individuals.  Home's  results,  bow- 
lever,  while  at  first  acceptetl,  were  assailed  l>y  many  writers  and  it  is 
I  by  no  means  certain  that  the  disease  produced  by  him  was  really  measles. 
A  number  of  other  observers  after  Home  attempted  experimental 
inoculation  of  this  disease,  and  pasitive  results  were  reported  by  Stewart 
of  Rhode  Island  (1799),  Speranza  of  Mantua  (1822),  Katowa  of  Hungary 
(1842),  and  McGirr  of  Chicago  (IS.W). 

The  experiments  of  all  these  early  writers,  however,  are  unsatisfac- 
tory, owing  to  the  necessarilj'  unreliable  technique  of  their  methods. 

In  190.5,  Hektoen'  succeeded  in  experimentally  producing  the  di.s- 
ease  in  two  medical  students  by  subcutaneous  injection  of  blood  taken 
from  measles  patients  at  the  height  of  the  disease  (fourth  day).  The 
ejcperiments  were  carefully  carried  out  and  the  symptoms  in  the  sub- 
jects were  un(juestionul)le.  They  demonstrated  beyond  doubt  that  the 
virus  of  the  disease  is  present  in  the  blood.  Attempts  at  cultivation 
carried  out  with  the  same  blood  were  entirely  negative.  It  was  also 
shown  by  Hektoen's  experimenf~s  that  the  virus  of  measles  may  be  kept 
alive  for  at  least  twenty-four  hours  when  mixed  with  ascitic  broth. 

^  Home,  "Medical  Facts  and  Experiments,"  Edinburgh,  1759. 
*Hekloen,  Jour.  Inf.  Dis.,  ii,  1905. 
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SCARLET    FEVER 


{Scarlatina) 


The  etiology  of  .scarlet  fever,  like  that  of  measles,  is  still  obscure. 
Streptococei  have  been  found  with  striking  regularity  in  the  throats  of 
scarlet-fever  patients,  and  a  large  number  of  investigations  hnvi;  set-nied 
to  furnirtii  evidemo  for  the  etiological  relationship  of  the.so  microorgan- 
isms with  the  diseiuse.  According  to  von  Lingelsheim,  Crooke  jus  early 
as  1885  demonstrated  the  presence  of  streptococci  in  the  cadavers  of 
scarlet-fever  victims.  Baginsky  and  Sommerfeld  '  in  HKK)  exi»inine<l  a 
nutiiber  of  scarlatina  cases  with  reference  especially  to  streptococcus 
infection,  and  reported  the  presence  of  streptococci  in  the  heart's 
blood  of  eight  patients  who  had  died  after  a  ver>'  acute  and  short 
illness.  They  expressed  the  belief  that  the  acutcnessof  the  illness  and 
the  rapidity  of  death  in  these  cases  precluded  the  possibility  of  the 
streptococci  being  merely  secondary  invaders.  A  large  number  of 
other  observers  have  expressed  similar  opinions,  but  we  can  not,  jw 
yet,  justly  conclude  that  streptococci  arc  actually  the  ptiologtc:d 
agents  in  this  disease. 

Cla.ss '  in  1899  described  a  diplococcus  which  he  cultivated  fn3m  n 
large  number  of  scarlatina  patients  and  with  which  he  wa.s  able  to  pro- 
duce exanthemata  and  acute  fever  in  pigs.  Subsequent  investigations 
seem  to  show  that  Class  was  really  working  with  a  streptococcus. 

Moser,'  working  in  Eschcrich's  clinic,  has  recently  reporte<l  the  very 
favorable  influence  upon  the  course  of  scarlet  fever  of  polyvalent 
streptococcus  antisera.  This  is  not  really  verj'  strong  evidence  in  favor 
of  the  streptococcus  etiology  of  the  disease,  since  there  is,  of  course,  no 
doubt  that  stri'ptococcus  infection  complicates  the  disea.«e,  and  it  Ls 
to  be  expected  that  antistreptococcus  serum  should,  therefore,  benefit 
the  patient's  condition  by  combating  this  complication. 

Malloiy  '  in  l',)(M  published  observations  on  four  scarlatina  caai«  on 
which  he  ba.ses  the  belief  that  scarlatina  is  caused  by  protozoa.  In 
the  skin,  between  the  epithelial  cells,  he  found  small  bodies  which  were 
easily  stained  with  methylene-blue  and  which  because  of  their  arrange- 
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'  Bagitusky  anil  SommrrfeUi,  Beri.  klin.  Woch.,  1900. 
'CioM,  Phila.  .Med.  Jour.,  iii,  18'J9. 

•  Moter,  quot«(l  hy  Escherich,  Wien.  klin.  Woch.,  xxiii,  1903, 

•  Matlory.  Jour.  Me<l.  Research,  x,  1904. 
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[mpnt  and  form  he  intcrpietcd  as  pariisites  not  very  uiilik)'  the  plasrno- 
idiuin  of  malaria.    Subsequent  invfstigation.s  of  Fit'lJ  '  and  others  have 
failed  to  substantiate  Mailory's  conclusions. 


TYPHUS  FEVER 


I  Typhus  fever  is  an  infectious  disease  which  is  characterized  by  an 
incubation  time  of  5  days  or  more,  high  temperature,  and  a  petechial 
rash.  It  has  been  characterized  as  peculiarly  a  disease  of  filth  and 
cpidcinically  (Usappcared  in  most  of  the  civilized  countries,  al- 
though it  is  still  endemic  in  certain  parts  of  Europe,  North  and  South 
America,  and  occurs  epidemically  in  Mexico  under  the. name  of  Tabar- 
dillo.  In  New  York  it  has  recently  been  found  Uy  exist  not  infrequently. 
It  wa.s  described  as  a  new  clinical  entity  by  Brill,  and  has  been  spoken 
of  as  Brill's  disease,  but  the  work  of  Anders<ju  and  Cioldberger  has 
shown  that  Brill's  disease  is  identical  with  tj'phus  fever.  Cireat  advances 
have  l)een  made  in  the  knowledge  of  the  disease  during  the  last  few  years. 
In  1909,  Nicolle '  successfully  inoculated  an  anthropoid  ape,  and 
Anderson  and  Goldberger '  in  the  same  year  succeeded  in  inoculating 
lower  monkeys,  rhesus  and  capuchin.  Sunilar  successful  monkey  in- 
oculations were  made  by  Ricketts  and  Wilder,^  by  Gavino  and  Girard.' 
In  these  annuals  inoculation  with  lilood  from  active  cases  is  followed 
by  a  rapid  rise  of  temperature  after  an  incubation  time  of  5  days  or 
more,  and  tlie  fever  remains  high  for  '.i  to  5  days,  after  which  it  comes 
down  by  lysis.  Occasional  recrudescences  have  been  noticed  in  monkeys. 
Goldberger  and  Anderson  have  hiui  a  mortality  of  2  per  cent  in  their 
monkeys.  The  disease  may  be  transmitted  from  monkey  to  monkey 
with  the  blood,  which  is  infectious  during  the  febrile  period  and  may  be 
so  for  as  long  as  32  hours  after  the  temperature  returns  to  normal. 

The  di.sease  was  at  first  suspected  to  be  cau.sed  by  a  filterable  virus, 
an  opinion  which  is  still  held  by  so!ne  observers.  Most  workers  agree 
today,  especially  l>ecause  of  the  work  of  Anderson  and  Goldberger,- 
that  filtered  blood  will  not  convey  the  disease,  anri,  although  Nicolle, 
Conor  and  Con.seil,  Ricketts  and  Wilder,  and  others  have  reported 

>  FusW,  Jour.  Exper.  Med.,  vii,  1905.  '  NicoUe,  C«mpt.  rend.  Acad.  d.  Sc,  V.mi, 
p.  157;  Ann.  de  I'inst.  Piwt.,  1910,  1911,  11112. 

'  Andimon  anil  GMhivrgrr,  .Four.  \.  M.  A.,  1912,  p.  49;  Jour.  Med.  Res.,  1910, 
p.  469;  N.  Y.  Med.  Jour.,  1912,  p.  976, 

*  Rickeils  and  WMer,  Jour.  A.  M.  A.,  Feb.,  1910,  p.  463;  ibid.,  April  16,  1910, 
p.  1304;  ibid.,  April  23,  1910,  p.  1373;  ibid.,  July  23,  1910,  p.  309. 

'  Gavino  and  Girard,  cited  from  Anderson  and  Goldberger. 
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that  occasionally  inoculation  with  filtered  blood  renders  monkeys  re- 
fractory to  later  inoculation,  it  is  generally  believed  at  present  that  the 
disease  is  Caused  l)y  some  agent  too  large  to  pass  through  the  Borke- 
feki  or  Chainberland  filt«'rs. 

Work  on  the  ctioloRj'  of  typhus  has  been  very  extensive  and  many 
micrfK)rganisin8  have  been  described. 

Rickctt«  and  Wilder  saw  short  bacilli  in  smear  preparations,  but  were  not 
al>lc  1()  cultivate  them.  Ilahinovitch  '  dcjicrihwl  a  Gram-positive  diplo-baciUus, 
cultivatwl  from  cases  of  an  cpidcmii'  in  KicfT,  and  with  antigens  prepared  from 
this  organism,  he  obtained  complement-fixation  and  agglutination.  Ftirth 
studie*!  an  epidemic  in  China  and  obtained  short,  plump  rods  which  grew  a£ro- 
liically  in  short  diains.  P.  Tli.  MuUer  saw  a  diplo-bflcillas  upon  wliich  he  did 
not  lay  nuich  stress  etiologically,  and  Prowezek  flc8cril>cd  inclusions  in  cuco- 
cj'tes  which  he  regarded  as  protozoa.  It  is  hardly  wortii  while  at  the  present 
time  to  describe  in  detail  the  many  different  findings  that  have  been  reported, 
since  in  few  of  them  is  there  sufficient  evidence  to  enable  us  to  come  to  con- 
clusions. 

In  1914  Plotz  -  described  a  short  Gram-positive  bacillus  which  he 
obtained  by  anaerobic  cultivation,  with  considerable  regularity,  from 
ca.scs  of  Brill's  disease  at  the  Mt.  Sinai  Hospital,  New  York,  and  which 
since  then  has  ivceu  made  the  subject  of  considerable  study  by  Plotz, 
Olitsky,  and  Baehr.'  They  have  obtained  the  bacillus  again  and  again, 
have  succeed(>d  in  obtaining  positive  agglutinations  and  complement^ 
fixation  in  the  blcxxl  of  endemic  typhus  cases  after  the  crisis  and  have 
obtained  a  siniilar  bacillus  from  a  numl)er  of  European  typhus  cases 
which  have  come  into  quarantine. 

The  method  of  cultivation  by  which  this  bacillus  is  grown  is 
relatively  simple,  consisting  of  taking  blood  directly  from  a  vein  into 
high  tubes  containing  glucose  agar  anil  unheated  and  unfiltered  ascitic 
fluid  of  a  specific  gravity  not  less  than  10.15. 

The  American  Red  Cross  Commission  which  went  to  Serbia  during  the  last 
tj'plius  epidemic — and  of  which  the  writer  was  a  member — attempted  to  work 
along  tlie  Unes  laid  down  by  Plotr  but  found  it  extremely  difficult  to  do  8>'»- 
temntie  work  and  obtam  reliable  materials  under  the  conditions  then  existing. 
The  undersigned  obtained  an  organism  very  similar  to  the  Plotz  bacillus  by 
Plotz's  method  in  two  cases.  In  the  first  of  these  the  organism  could  not  be 
carried  further  than  the  second  generation,  and  in  the  second  it  did  not  reach 
America  alive.    Hopkins  obtained  a  similar  organism  later  toward  the  end  of 

^  Rafntunilrh,  Ccntralbk.  Bakt.  Orig.,  1909,  iii,  Anh.  f.  Hyg.,  1909. 

'  PloU.  Jour,  of  A.  M.  A.,  Ixii,  20.  p.  U. 

•  Ftott,  OlHiky  and  Baehr,  Jour,  of  Inf.  Dis.,  xvii,  1915,  p.  1. 
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be  epidemic,  which  is  still  under  eultivation.    However,  these  organismH  were 

found  so  rarely,  in  spite  of  a  considcraljic  niinilwr  of  )>IixhI  cultures  that  were 

ken,  and  the  necessity  of  working  with  unsteriliwxl  ascitic  fluid  under  relu- 

rely  primitive  conditions,  forced  the  conclusion  ujwn  them  that  these  isoliite<l 
Sndings,  though  pouiting  somewhat  in  favor  of  Plotz's  organism,  did  not  es- 

ahlish  definite  proof.  However,  of  the  many  blood  cultures  tjiken,  tiic  simMllfr 
number  were  taken  from  fresh  cases,  most  of  the  ascitic  fluid  usctl  did  nut 

omc  up  to  the  specifications  of  Plotz,  and  there  is  uo  doubt  about  the  fact 

hat  the  organism  described  by  Plotz  is  not  one  that  is  very  easily  cultivated 
Jess  rich  ascitic  fluid  is  available. 

The  fact  that  the  Plotz  orgaiiism  has  been  cultivated  from  guinea- 
pigs  and  monkeys  cxperimentsiUy  inoculated  is  further  evidence  in  favor 
»f  this  bacillus. 

Petruschky  '  has  recently  cultivated  a  similar  but  aerobic  bacillus  from 
sputum  in  typhus  cases  and  Amheim '  has  aerobically  cultivated  an  organism 
which  in  appearance  and  staining  properties  is  not  unlike  the  Plotz  bacillus. 
Amheim  obtained  his  organism  from  six  cases,  on  ascitic  agar  plates,  on  which 
on  the  first  cultures  tlierc  aj)i)eared  a  growth  hardly  visible  to  the  nake<l  eye 
and  which  in  transphtnt.s  continued  to  grow  very  delicately.  He  stales  his 
organism  is  not  unlike  that  of  Petruschky  and  he  obtained  it  out  of  the  blood, 
the  sputum  and  the  urine  of  typhus  cases. 

There  appears  at  the  present  writing  to  be  much  evidence  in  favor 
of  the  bacillus  of  Plotz  as  the  causative  agent,  the  only  oltjection  to  its 
final  acceptance  Ix'ing  that,  despite  the  fact  that  a  great  many  workers 
have  been  studj-iug  this  di.sease  during  the  last  few  years,  the  micro- 
organisms which  have  Ijeen  described  have  not  Ix-en  similar  one  with 
the  other,  and  the  fact  that  the  Plotz  organism  seems  to  lose  its  viru- 
lence almost  immediately  upon  artificial  cultivation.  Also  according 
to  Anderson,  active  mimumzalion  with  the  Plotz  bacillus  tloes  not 
render  guinea-pigs  refractory  to  virus  inoculation.  All  these  things  breed 
conservatism.  However,  with  a  relatively  simple  methotl  and  sufficient 
typhus  material,  the  fiuestion  of  the  Plotz  bainllus  slioukl  sixm  be  defi- 
nitcdy  settled. 

The  transmi.<tsion  of  tj'phus,  as  shown  by  Nieolle,  Ricketts  and 
Wilder,  and  Anderson  and  Goldberger  seems  to  be  mainly  tiirough  tlie 
agency  of  the  louse, — the  body  louse  (pediculus  vestimenti)  pretty 
surely,  the  head  louse  (pediculus  capitis)  possibly,  the  pubic  louse 
probably  not.  ■  So  far,  no  evidence  has  V)een  obtained  that  the  disease 

>  Petntaehky,  Centralbk.  f.  Bakt.,  kxv,  1915,  p.  497. 
•  Amheim,  D.  Med.  Woch.,  36,  1916,  p.  1060. 
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lias  been  transinitlcd  i>y  tbo  flea  or  thf  bfrUiug.  The  disease  is,  then^ 
fore,  one  particuhirly  likely  to  accompany  filthy  c»)iulitions  of  li\'ing, 
and  war,  and  famine.  The  louse,  when  obtaining  acwss  to  the  human 
body,  lives  largely  in  the  iniderelothing,  especially  along  the  seams, 
the  belt,  and  other  small  shelters,  feeding  two  or  three  times  a  day. 
The  sanitation  of  typhus  is,  therefore,  largely  a  campaign  against  lice, 
which  would  consist  in  attention  to  beilding,  sterilization  of  clothing, 
and  bathing.  Since  the  louse  is  very  susceptible  to  heat,  autoclave  or 
steam  sterilization  is  best  for  materials  that  can  stand  it, — clothing, 
etc.;  sulphur  properly  applied  to  barrackis,  stables,  etc.,  is  verj'  efficient; 
kerosene  or  gasolene  ;vs  a  spray  for  the  hair  and  iK-ard  is  excellent  a.s  a 
louse-killing  agent;  and,  for  rapid  louse-killing  in  underclothing,  it  has 
been  found  very  useful  to  drop  the  clothing  into  a  clothes  box  or  bag, 
with  alwut  an  ounce  of  chloroform,  for  several  hours. 

Most  authorities  believe  that  typhus  fever  is  transmitted  only  by 
vem^in.  However,  during  the  recent  epiiicmic  in  Serbia,  it  was  the 
opinion  of  .some  physicians  that  at  the  height  of  the  disease,  the  sputum 
could  convey  it  by  infection.  This  is  very  imcertain.  By  the  work  of 
Nicolle  .ind  his  associates,  and  of  Ricketts  and  Wilder,'  also  of  Ander- 
son and  (ioldherger,*  it  has  been  shown  that  the  virus  can  be  trans- 
mitted from  human  l)eing  to  human  being  by  the  bites  of  the  body 
louse  (pedieulus  vesthnenti) ;  the  flea  anti  the  bedbug  apparently  do  not 
transmit  the  disease.  The  head  louse  fpediculus  capitis)  may  possilily 
transmit  it. 

FOOT-AND-MOUTH  DISEASE 

This  malady  occurs  chiefly  in  cattle,  sheep,  and  goats,  more  rarely 
in  other  domestic  animals.  It  is  characterized  by  the  appearance  of  a 
vesicular  eruption  localized  upon  the  niucosjv  of  the  mouth  and  upon  the 
delicate  skin  l>etween  the  hoofs.  In  the  females  similar  eruptions  may 
appear  upon  the  udders.  With  the  onset  of  the  eruption  there  may  be 
increased  temperature,  refusal  of  food,  and  general  tlepression.  Usually 
the  disease  is  mild;  the  vesicles  become  small  ulcers  and  pustules.  Oc- 
casionally the  disease  is  complicated  by  catarrhal  gsustroenteritis  or  an 
inflammation  of  the  respiratory  tract,  and  death  may  ensue. 

The  disea.se  is  transmitted  from  animal  to  animal  by  means  of  virus 
contained  in  the  vesicular  contents.  Infection  may  also  take  place 
thruugli  the  .'igency  of  milk.     It  has  In^n  claimed,  moreover,  though 

<  K'iU<T.  Jour.  Inf.  Diti.,  July,  1911,  p.  9.  'Ooliiberger  and  Andermm,  Pub. 
Health  Report,  Wash.,  March[  1912;  ibid.,  May  31,  1912. 
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[on  the  basis  of  insufficient  proof,  that  infcclion  may  take  place  through 
|thi-  air,  witliout  actual  contact. 

Rarely  the  disease  may  tic  transmitted  to  man.  Such  infection, 
[when  it  does  take  place,  occurs  usuiilly  anionp;  the  milkers  and  attcnil- 
tants  in  dairies,  and  is  transmitted  by  direct  contact.  Tlve  disease  in 
[man  is  usually  very  mild.  Mohler  states  that  the  disease  may  be  tran.s- 
Flnitted  t(»  man  by  the  milk  of  infected  animals.  He  '  adds  that  in  the 
L'nited  Stafes  the  disease  hiis  lieen  practically  eradicated. 

The  causative  agent  of  foot-and-mouth  tlisease  is  unknown.  A  num- 
ber of  or(!;anisms  have  been  cultivated  from  the  vesicles  and  mucous 
membranes  of  afflicted  animals,  but  none  of  these  could  lie  sliowTi  to 
have  etiological  significance.  Loeffler  and  Frosch,*  have  (kmonstrate<I 
that  the  virus  contained  in  the  vesicle.s  may  pa.ss  through  the  pores  of  a 
filter.  The  virus  is  ejisily  destroyed  \>y  heating  to  60°  C.  and  by  com- 
plete desiccation. 

•One  attack  of  foot-and-mouth  disease  protects  against  subsequent 
attacks.  This  immunity  in  most  ca.ses  lasts  for  years,  though  rare  cases 
of  recurrence  within  a  single  year  have  been  reported.  Loeffler  has  ac- 
tively immunized  horses  and  cattle  with  graded  doses  of  virus  obtained 
from  vesiclea  anti  with  the  sera  of  such  animals  has  protiuccd  passive 
immunity  in  normal  subjects. 

PILTRABLE  VIRUS 

Recent  investigations  into  the  causation  of  disease  have  revealed 
that  a  consideralile  number  of  infections  may  be  caused  by  organisms 
too  small  to  he  hehf  back  by  filters  through  which  even  the  smalh'st 
bacteria  cannot  pass.  The  earliest  observations  of  such  "filtrable 
^•irus"  are  probably  tho.se  of  Frosch  (1898)  in  foot-and-mouth  disease 
and  of  Beijerinck  in  the  mo.saic  disea.se  of  tobacco.  Since  then  similar 
V  investigations  have  shown  that  a  large  numlier  of  diseases  are  probably 
caused  by  such  minute  organi-sms;  their  investigation,  long  delayed 
by  the  belief  in  their  invisiliility  by  even  the  most  powerful  microscopic 
aid,  and  by  our  inability  to  cultivate  them,  has  taken  new  impetus  from 
the  discoven,'  of  and  the  cultivation  of  minute  glolxiid  bodies  from  the 
virus  of  poliomyelitis  by  Flexner  and  Noguchi  (see  below).  The  follow- 
ing tabulation  is  based  largely  on  the  comprehensive  summary  published 
by  Wolbach.' 

'  Mnhler.  Bull.  No.  41,  U.  S.  Pub.  Health  and  Mar.  HoBp.  Serv.,  Wash.,  1908. 
'  Ijorffler  uikI  FroDch,  Cent.  f.  Bakt.,  1,  KWS. 
•  Wolhach.  JouT.  of  MeH.  Res.,  xxvii,  1012. 
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CHAFfER  LII 
BACTERIA    l.V  THE    AIR  AND  SOIL 

BACTERIA    IN    THE    AIR 

BACTEniA  reach  the  air  largely  from  the  earth's  surface,  home 
aloft  by  currents  of  air  sweeping  over  dry  places.  Their  presence  in 
air,  therefore,  is  largely  dependent  upon  atmoHpheric  conditions;  hunud- 
ity  and  a  lack  of  wind  decrciusing  their  numbers,  dryness  and  high 
winds  increasing  them.  Multiplication  of  bacteria  during  transit 
through  the  air  probably  does  not  take  place. 

Apart  from  these  considerations  the  presence  of  bacteria  in  air  also 
depends  upon  purely  local  conditions  prevailing  in  dilTcrent  places. 
They  are  most  plentiful  in  densely  populated  areas  and  within  buildings, 
such  as  theaters,  meeting  halls,  and  other  places  where  large  numbers  of 
people  congregate.  On  mountain  tops,  in  deserts,  over  oceans,  and  in 
other  uninhabited  regions,  the  air  is  ooiuparativcly  free  from  bacteria. 
A  classical  illustration  of  this  fact  is  found  in  the  experiments  which 
Pasteur  carried  out  in  his  refutation  of  the  doctrine  of  spontaneous 
generation.  Tyndall  also,  in  working  upon  the  simie  subjwt.  demon- 
D;,rated  this  fact.  From  the  surface  of  the  ground  anil  other  places 
where  bact«ria  have  been  deposiletl,  they  reach  the  air  only  after 
complete  drj'ing.  It  is  a  fact  of  nuieh  importance,  both  in  bacterio- 
logical work  and  in  surgerj',  that  bacteria  do  not  rise  from  a  moist 
surface.  From  drj*  surfaces  thej'  may  rise,  hut  only  when  the  air  is 
agitated  either  l>y  wind  or  by  air-currents  produced  in  otfier  ways. 
In  closed  rooms,  therefore,  even  when  bacteria  are  plentiful  ami  the  walls 
and  floors  are  perfectly  dry,  there  is  little  danger  of  the  inhalation  of 
bact-eria  unless  the  air  is  agitated  in  some  way.  The  most  favorable 
conditions  for  the  occurrence  of  many  bacteria  in  air  are  the  existence 
of  a  prolonged  drought  followed  by  a  dry  wind.     Under  such  condi- 
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tions,  even  the  dark  places  and  unlighted  corners  of  streets  and  habita- 
tions arc  thoroughly  dried  out,  and  bacteria  are  taken  up  and  carried 
about  together  with  particles  of  dust.  At  such  times  the  dangers  from 
inlialation  arc  much  multiplied.  By  experiments  made  in  balloons, 
it  has  been  found  that  bacteria  are  plentifid  below  altitudes  of  alxjut 
fifteen  hundred  feet  and  may  bo  present,  though  much  reduced  in 
numbers,  as  high  up  as  a  mile  above  the  earth's  surface.  The  specira 
of  bacteria  found  in  the  aii-  are,  of  coui'se,  subject  to  gi-eat  variation, 
depending  upon  locality.  Molds  and  spore-fonning  bacteria,  being 
more  rcgularb'  rcsistant  to  the  effects  of  sunlight  and  drjing  th.-m 
bacteria  pas,sessing  only  vegetative  forms,  are  naturally  more  generally 
distributed. 

Out  of  air  thus  laden  with  bacteria,  they  may  again  settle  when  the 
wind  subsides  and  the  air  becomes  quiescent.  The  process  of  settling, 
however,  is  extremely  slow,  since  the  weight  of  a  bacterium  is  probably 
less  than  a  billionth  of  a  gram,  and  it  may  be  held  in  suspension  in  air 
for  considerable  periods.  Rains,  snow,  or  even  the  condensation  of 
moisture  from  a  humid  atmosphere,  hastens  this  process  considerably, 
and  large  quantities  of  bacteria  may  settle  out  from  air,  in  a  com- 
paratively short  time,  in  ice  chests,  in  operating  rooms,  or  in  other  places 
in  which  much  conden.sation  of  water  vapor  takes  place. 

The  importance  of  the  air  as  a  meaiis  of  conveying  disease  is  still  a 
problem  upon  which  much  elucidation  is  needed.  The  import luice  of 
this  manner  of  conveyance  in  smallpox,  in  measles,  in  scarlet  fever, 
and  in  other  exanthemata,  can  not  be  denied.  .\8  regards  the  dis- 
eases of  known  bacterial  origin,  conveyance  by  air  is  of  importance 
in  the  case  of  tuberculosis,  where  infection  by  inhalation  may  take 
place,  and  in  the  case  of  anthrax,  where  inhaled  anthrax  spores  may 
give  rise  to  the  pulmonary  form  of  the  disease.  The  importance  of  air 
conveyance  for  any  great  distance  in  pneumonia,  in  influenza,  in  diph- 
theria, and  in  meningitis  is  by  no  means  clear  and  requires  much  fur- 
ther study.  The  expulsion  of  bacteria  from  the  lungs  and  naso-pharj-nx 
does  not  take  place  during  simple  expiration,  since  an  air-current  pass- 
ing over  a  moist  surface  is  not  sufficient  to  dislodge  microorgaru'sms. 
Expulsion  of  bacteria  in  these  conditions  must  take  place  together  with 
small  particles  of  moisture  carried  out  in  sneezing,  coughing,  or  any 
forced  expiration.  The  bacteria  thus  discharged  are  then  .subject  to  the 
process  of  drying  and  often  arc  exposed  to  direct  sunlight  for  a  con- 
siderable period  before  they  are  again  taken  up  in  the  air 

The  methods  of  estimating  the  bacterial  contents  of  the  air  arc  not 
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entirely  satisfactory.  The  simple  exposure  of  uncovered  gelatin  or  agar 
plates  for  a  definite  length  of  tinie,  and  subsequent  estimation  of  the 
colonies  upon  the  plates,  yield  a  result  which  is  variable  according  to  the 
air-currents  and  the  degree  of  moisture  in  the  atmosphere,  and  fumisli 
no  volume  standard  for  comparative  results.  The  methods  which 
are  in  use  at  the  present  time  depend  upon  the  suction  of  a  definite 
quantity  of  air  by  means  of  a  vacuum-pump  through  some  substance 
which  will  catch  the  bacteria.  One  of  the  first  devices  used  for  this  pur- 
pose was  that  of  Hesse,  who  sucked  air  through  a  i)iecp  of  glass  tubing, 
about  70  cm.  long  and  about  3..5  cm.  in  diameter,  the  inner  surface  of 
which  had  been  coated  with  gelatin  in  the  manner  of  au  Esmarch  roll 
tul^.  This  method  is  not  efficient,  since  a  large  number  of  the  bacteria 
may  pass  entirely  through  the  tube  without  settling  upon  the  gelatin. 
One  of  the  most  satisfactory'  methods  at  presi>nt  in  use  is  that  in  which 
definite;  volumes  of  air  are  suckc^d  thro\igh  a  sand-filter.  Within  a 
small  glass  tube,  a  layer  of  sterilized  quartz  sand,  alwut  -1  cm.  in 
depth,  is  placed.  The  sand  is  kept  from  being  dislodged  by  a  small 
wire  screen.  After  the  air  has  been  sucked  through  the  filter  the 
sand  is  washed  in  a  definite  volume  of  sterile  water  or  salt  solution, 
and  measured  fractions  of  this  are  planted  in  agar  or  gelatin  in  Petri 
plates.  The  colonies  which  develop  aro  counted.  Thus,  if  two  liters 
of  air  have  been  sucked  through  the  filter,  and  the  sand  has  Ijcen 
washed  in  10  c.c.  of  salt  solution,  and  1  c.c.  of  this  is  planted,  with 
the  result  of  fifteen  colonies,  then  the  two  liters  of  air  have  contained 
one  hundred  and  fifty  bacteria. 


BACTERIA  m  son. 

Besides  the  normal  bacterial  inhabitants  of  the  soil, 'bacteria  reach 
the  soil  from  the  air,  in  contaminat^'d  water.'^,  in  the  dejecta,  excreta, 
and  tk-ad  bodies  of  animals  and  human  beings,  and  in  the  substance  of 
decaying  plants.  It  is  self-evident,  therefore,  that  the  distribution  of 
biwteria  in  soil  depends  largely  upon  the  flensity  of  population  and  tlie 
use  of  tlie  soil  for  agricultural  or  other  purpo.ses.  Thus,  bacteria  are  most 
plentiful  in  the  neighborhood  of  cess-pools  or  in  manured  fields  and  gar- 
dens. Such  conditions,  however,  may  be  regarded  as  abnoniial.  Even 
in  uncultivated  fields  there  is  a  constant  bacterial  flora  in  the  soil  which 
is  of  great  importance  in  its  participation  in  the  nitrogen  cycle,  a  phase 
of  the  liacteriology  of  soil  wluVh  has  been  discus.sed  in  detail  in  anothei 
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section.  (Sec  page  40.)  There  arc,  thus,  regular  and  normal  inhabitants 
of  the  soil  which  fulfil  a  definite  function  and  may  be  found  wherever 
plant  life  flourishes.  In  addition  to  these,  innumerable  varit-ties  of  sapro- 
phjt&s  and  pathogenic  germs  may  be  present,  which  varj'  in  spccicsi 
and  in  number  with  local  conditions.  Numerous  investigations  into 
the  actual  numerical  contents  of  the  soil  have  been  niatie.  Houston  ' 
found  an  average  of  1,500,000  bacteria  per  gram  in  garden  soil,  and 
about  100,000  bacteria  per  gram  in  the  arid  soil  of  uncultivated  regions. 
Fraenkel,*  in  studying  the  horizontal  distribution  of  bacteria  in  the  earth, 
has  found  that  they  are  most  numerous  near  the  surface,  a  gradual 
diminution  occurring  down  to  a  depth  of  about  two  yards.  Beyond 
tiiis,  the  soil  may  be  often  practically  sterile. 

Pathogenic  bacteria  may  at  times  be  found  in  the  surface  layers, 
antl  these  are  often  of  the  spore-bearing  varieties.  Most  important 
among  them  from  the  medical  standpoint  arc  the  bacillus  of  tetanus,  of 
malignant  edema,  and  the  Welch  bacillus.  If  a  guinea-pig  is  inoculated 
subcutaneously  with  an  emulsion  of  garden  soil,  death  will  result  almost 
invariably  with  enormous  bloating  and  swelling  of  the  body  due  to  gius 
production.  This  is  due  to  the  fact  that  the  spore-bearing,  gas-producing 
anaerobic  bacilli  are  commonly  present  and  are  actively  pathogenic  for 
these  animals.  The  frequent  occurrence  of  tetanus  in  persons  sustain- 
ing wounds  of  the  bare  feet  and  hands  in  fields  and  excavations,  is  a 
matter  of  common  knowledge.  Anthra.\,  also,  may  be  easily  conveyed 
bj'  soil  in  localities  where  animals  are  suffering  from  this  infection.  It 
is  not  probable  that  pathogenic  germs  which  are  not  spore-bearers  sur- 
vive in  the  soil  for  any  great  length  of  time.  Unless  the  soil  is  specially 
prepared  by  the  presence  of  defecations  or  other  other  organic  mate-rial, 
the  nutrition  at  their  disposal  is  not  at  all  suitable  for  their  neciis. 
since  rapid  decomposition  of  organic  materials  by  saprophytes  is  always 
going  on  in  the  (jpper  layers.  Furthermore,  in  the  deeper  layers  the  con- 
ditions of  temperature  and  possibly  oxygen  supply  are  not  at  all  favorab'e 
for  the  growtli  of  most  pathogenic  bacteria.  Within  a  short  di-stance  from 
the  surface  the  temperature  of  the  soil  usually  smks  below  14°  or  l.iT. 
An  interesting  series  of  experiments  by  Fraenkel'  have  demonstrated 
this  point.  This  investigator  buried  fre.shly  inoculated  agar  and  gelatin 
cultures  of  cholera  spirilla  and  of  typhoid  and  anthrax  bacilli  at  difTer- 
ent  levels,  and  examined  them  for  growth  after  two  weeks  bad  elapsed. 

<  Hotuton,  Report  Med.  Officer,  Local  Govern.  Bd.,  London,  1807. 
*  Fraenkel.  Zeit.  f.  Ilyg.,  u,  1887. 
»  Frwnkel,  Zeit.  f.  Hyg.,  xi,  1887. 
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'  The  anthrax  bacilli  hardly  ever  showed  growth  at  a  depth  below  about 
■  two  yards,  and  cholera  and  typhoid  developed  folonies  at  these  depths 
only  during  the  summer  months.  Under  natural  conditions  it  must  Ije 
remembered  that,  at  these  levels,  suitable  nutritive  material  is  not 
found. 

A  consideration  of  practical  importance  in  this  connection  is  the 
I  possibility  of  uifection  by  means.of  buried  cadavers.  An  elaborate  series 
of  experiments  has  been  carried  out  upon  this  subject  in  (Jermany,  with 
results  which  demonstrate  that  the  danger  from  the  buria!  of  persons 
dead  of  infectious  diseases  was  foniierly  nmch  exaggerated.  Experi- 
ments '  usually  failed  to  reveal  the  presence  of  cholera  and  typhoid 
bacilli  within  two  to  three  weeks  after  burial,  and  tubercle  bacilli  were 
never  found  after  three  months  had  elapsed.  It  was  only  in  the  case 
of  sfwjrulating  microorganisms,  such  as  the  anthra.x  bacillus,  that  the 
living  ineitants  could  be  found  for  as  long  as  two  jcars  after  burial.  The 
tlangers  of  infection  of  liunum  beings  through  the  agency  of  soil, 
therefore,  are  chiefly  those  ari.sing  from  the  spore-bearing  bacteria  which 
are  able  to  reniain  alive  in  spite  of  the  unfavorable  cultural  conditions. 
It  has  been  found  by  some  obscrv'crs,*  however,  that,  under  special  con- 
ditions, non-sporulating  bacteria,  more  especially  the  tj']>hoid  bacillus, 
may  remain  alive  in  soil  for  several  months.  Although  these  bacteria, 
as  well  as  those  of  cholera,  diphtheria,  etc.,  can  not  proliferate  under  the 
conditions  found  in  the  .soil,  the  fact  that  they  can  remain  viable  for  swh 
prolonged  periods  in  the  upper  layers  suggests  the  possibility  of  danger 
from  the  use  of  unwashed  vegetables,  such  as  lettuce  or  radishes  or  other 
soil  and  sewage  contaminated  food  products.  The  examination  of  soil 
for  colon  bacUli,  while  demonstrating  the  presence  or  absence  of  manure 
or  sewage  contamination,  has  no  practical  value,  since  colon  bacilli  are 
found  in  the  dejecta  of  animals, 

Examination  of  specimens  of  soil  for  their  numerical  bacterial 
contents  is  extremely  unsatisfactory  because  the  bacteria  there  found 
can  hardly  ever  all  be  cultivated  together  under  one  and  the  same 
cultural  environment.  A  large  number  are  anaerobic,  others  again 
thrive  at  low  temperatures,  while  again  another  class  may  require  un- 
usually high  temperatures,  \\Tien  such  examinations  arc  made,  how- 
ever, Gpeeimens  of  the  soil  from  the  surface  layer  may  be  taken  in  a 
sterile  platinum  spoon.     When  taken  from  the  lower  levels,  a  drill, 
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>  Petri,  Arb.  a.  d.  kais.  Oesundheitsamt,  vii. 
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such  as  that  devised  byFraenkel,  maybe  used.  This  consists  of  an  iron 
rod  the  lower  end  of  which  is  pointed.  Just  above  the  point  a  movable 
collar  is  fitted.  This  collar  has  a  slit-like  opening.  The  rod  beneath  the 
collar  has  a  deep  longitudinal  groove  corresponding  to  the  slit  in  the 
collar.  A  flange  on  the  collar  permits  opening  and  closing  of  the  groove 
while  the  instrument  is  below  the  ground.  The  drill  is  forced  into  the 
earth  to  the  desired  depth,  the  groove  is  opened  and  earth  is  forced  into 
the  chamber  by  twisting  the  rod.  In  the  same  manner  the  groove  may 
be  closed.  The  soil  obtained  in  this  way  is  taken  out  of  the  chamber 
and  a  definite  quantity,  say  one  gram,  is  dissolved  and  washed  thor- 
oughly in  a  measured  volume  of  sterile  water  or  sterile  salt  solution. 
Fractions  of  this  are  then  mixed  with  the  culture  medium,  plated,  and 
cultivated  aerobically  or  anaerobically  as  desired. 


CHAPTER   LUI 
BACTERIA   IN   WATER 

All  natural  waters  contain  a  more  or  less  abundant  bacterial  flora. 
This  fact,  comhineii  with  our  knowledge  that  the  incitants  of  sevci-ai 
epidemic  diseases  aud  a  number  of  minor  aihncnts  of  a  diarrheal  char- 
acter are  water  borne,  gives  the  bacteriological  investigation  of  water  a 
place  of  great  importance  in  hygiene.  In  nature,  there  are  verj'  few 
sources  of  water  supply  which  do  not  contain  bacteria  of  one  or  another 
description.  While  pathogenic  bacteria  are  usually  not  present  e.xcept 
in  those  watei*s  which  are  directly  contaminated  from  human  sources,  a 
thorough  understantling  of  the  quantitative  and  qualitative  bacterial 
contents  of  all  natural  waters  is  necessary  in  order  that  we  may  in- 
telligently gather  comparative  data  aa  to  the  fitness  of  any  given  water 
f<jr  liuman  consumption. 

The  gross  appearance  of  water  is  rarely,  if  ever,  an  indication  of  its 
danger.  The  turbid  waters  of  running  streams  in  sparsely  populated 
agricultural  districts  may  be  safe,  while  perfectly  clear  well  waters 
subjected  to  the  dangers  of  contamination  from  neighboring  sinks 
or  cess-pools  may  contain  large  numbers  of  pathogenic  germs. 

The  diseases  which  are  known  to  be  more  directly  connected  with 
water  supply  are  typhoid  fever  and  cholera. 

Typhoid  germs  discharged  from  the  bowel  or  from  the  urine  of 
typhoid  patients  or  convalescents  may  be  carried  by  the  sewage  or  from 
the  neighboring  soil  into  a  river  or  lake  and  lead  to  infection  of  the 
{Xjpulation  deriving  its  drinking  water  from  this  source.  There  are  a 
great  many  investigations  on  record  in  which  severe  typhoid  epidemics 
have  been  traced  to  such  sources. 

In  the  case  of  cholera,  whert;  the  gemis  are  discharged  from  the  bowels 
in  enormous  numbers,  conveyance  of  the  disease  by  water  is  even  more 
apparent,  aixl  the  discoverers  of  the  cholera  germ  themselves,  in  their 
early  work  in  Egj'pt  suul  India,  were  able  to  isolate  the  bacteria  from 
contaminated  water  supplies. 

In  regard  to  the  less  clearly  imderstood  diarrheal  diseases,  dysen- 
tery, cholera  infantum,  etc.,  the  direct  relation  to  water  supply  has  not 
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been  so  defiiiitely  proven,  and  can  be  deduced  only  from  the  diminu- 
tion of  such  infections  after  the  substitution  of  pure  water  for  the  pn>- 
viously  used  impure  supply.  It  is  thus  seen  that' water  bacteriology  is 
one  of  the  most  important  branches  of  the  science  of  hygiene,  and  haa 
led,  and  is  constantly  leading,  to  enormous  diminution  of  the  deatli  rate 
in  all  communities  where  an  intelligent  study  of  the  conditions  has  been 
made. 

The  bacterial  purity  of  natural  waters,  although  dependent  upon 
special  and  local  conditions  in  relation  to  possible  contamination,  differs 
widely,  according  to  the  source  from  which  such  waters  are  derived. 

llain  water  and  snow  water  are  usually  contaminated  with  bacteria 
by  the  dust  which  they  gather  on  their  way  to  the  ground,  and  are 
especially  rich  in  bacteria  when  taken  tluring  the  first  few  hours  of  a 
rain  or  snow  storm  when  the  air  is  still  dusty  and  filled  with  floating 
particles.  During  the  later  hours  of  prolongeil  storms,  rain  water  and 
snow  water  may  bo  comparatively  sterile.  Miquel,'  who  made  exten- 
sive experiments  in  France  on  the  bacterial  contents  of  rain  water, 
found  that  in  country'  di."»tricts,  where  the  air  is  less  dusty,  rain  water 
contained  an  average  of  about  4..3  bacteria  to  the  cubic  centimeter. 

The  bacterial  counts  of  snow  water  are  usually  somewhat  higher  than 
those  of  rain. 

The  waters  of  streams,  ponds,  and  lakes  are  usually  spoken  of  as 
surface  waters,  and  these  of  all  natural  supplies  contain  the  largest  num- 
ber of  bacteria.  In  each  case,  of  course,  the  quantitative  and  quali- 
tative bacterial  flora  of  such  waters  is  intimately  dependent  upon  the 
conditions  of  the  surrounding  country,  the  density  of  the  population, 
and  the  relation  of  these  waters  to  sewage.  It  is  also,  and  to  no  less 
important  degree,  dependent  upon  weather  conditions,  the  influence  of 
light  and  temperature,  and  the  food  supply  contained  within  the  waters 
in  the  form  of  decayed  vegetation.  In  all  such  surface  waters  there  is 
constantly  going  on  a  process  of  self-purification.  The  chief  factor  in 
thi.S!  process  is  sedimentation.  In  stagnant  pond.s  and  lakes  with  but 
sluggish  currents  there  is  a  constant  sedimentation  of  the  heavier 
particles,  which  gradually  but  steadily  leads  to  a  diminution  of  the 
number  of  bacteria  in  the  upper  layers  of  the  water.  In  rivers  where 
sedimentation  is  to  a  certain  extent  prevented  by  rapidity  of  current, 
the  cfTectiveness  of  such  sedimentation  is,  of  course,  entirely  dependent 
upon  the  speed  of  the  cm-rent. 
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The  influence  of  light  in  purifying  surfact;  waters  is  important  chiefly 
in  ponds,  lakes,  and  sheets  of  water  which  expose  a  large  surface  to  the 
sunlight,  and  where  the  surroundiiigs  are  such  that  the  sun  lias  fix-e  access 
throughout  the  day.  According  to  the  researches  of  Buduier,'  the  bac- 
tericidal effects  of  light  penetrate  through  water  to  a  depth  of  three  feet. 

The  effects  of  temperature  in  purifying  surface  waters  under  natural 
ndltiona  are  probably  not  great.  There  is,  however,  a  general  tendency 
toward  diminution  of  the  bacterial  flora  as  the  tenipeiature  of  such 
waters  becomes  lower. 

The  presence  of  protozoa  in  natural  waters  as  purifying  agents  has 
recently  been  emphasized  by  Huntemullcr,^  who  claims  that  these  organ- 
isms by  phagocytosis  greatly  diminish  the  number  of  bacteria  in  any 
given  body  of  water.  It  is  self-evident  that  the  number  of  bacteria  in 
any  of  these  waters  is  never  constant,  since  all  factoi-s  which  t^'nd  to  a 
diminution  or  increase  in  volume,  such  as  ilrj'ing  up  of  tributary  streams 
or  the  occurrence  of  hea\'y  rains,  would  lead  to  differences  of  dihuion 
which  would  materially  change  numerical  bacti'ria]  estimations.  The 
influence  of  rains,  furthermore,  may  be  a  twofold  one.  On  the  one  hand, 
heavy  rain-falls,  by  washing  a  large  amount  of  dirt  into  the  rivers  and 
lakes  from  the  .surrounding  land,  have  a  tendency  to  increase  the 
bacterial  flora.  This  influence  would  be  especially  marked  in  all  bodies 
of  wat-er  which  are  surrounded  by  cultivated  ianri  where  manured  ftelds 
and  grazing-meadows  supply  a  plentiful  .>-:uurce  of  bacteria.  On  the 
other  hand,  in  regions  where  arid,  uninhabited  lands  surnjund  any 
given  river  or  lake,  the  rain  would  cany  with  it  verj'  little  living  con- 
tamination and  would  act  chiefly  as  a  diluent  and  diminish  the  actual 
prrjportion  of  bacteria  in  the  water. 

Another  and  extremely  important  source  of  water  supply  is  that 
spoken  of  technitully  as  "ground  water."  The  "ground  waters  "  include 
the  shallow  wells  employed  in  the  country  districts,  springs,  jind  deep 
or  artesian  wells.  The  shallow  wells  that  form  the  water  supply  for  a 
large  proportion  of  farms  in  the  eastern  United  States  arc  usually  very 
rich  in  bacteria  and  are  by  no  means  to  be  regarded  as  safe  sources,  ex- 
cept in  cases  where  great  care  is  obsei'vcd  as  to  cleanliness  of  the  sur- 
mundings.  In  such  wells  the  filtration  of  the  water  entering  the  well 
may  be  subject  to  great  variation  acconling  to  the  geological  con- 
ditions of  the  surrounding  ground.  The  proximity  of  barns  and  sinks 
may  lead  to  dangerous  contamination  of  such  watere. 


1  Bueliner,  Arch.  f.  Hyg.,  xvij,  1895.       » HutUematter,  Arch.  f.  Hyg.,  liv  1005. 
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Examinations  by  various  bacteriolopsts  havp  shown  that  suph  wrlls 
frequently  contain  as  many  as  fivo  hundred  bai'tcria  to  the  cubic  ronti- 
meter. 

Perennial  spring  waters  are  usually  pure.  Examinations  by  the  Ma.*- 
Bachusetts  St^ite  Board  of  Health  '  in  HKJI  showed  an  average  of  alxml 
forty  bacteria  per  cubic  centimeter.  As  sources  of  water  supply  for 
genera!  consumption,  however,  springs  can  hardlj'  be  very  important 
because  of  the  insignificant  quantities  usually  derived  from  them. 

Of  much  greater  practical  importance  are  deep  artesian  wells,  which, 
under  ordinarj'  conditions,  are  largely  free  from  bacterial  contami- 
nation. 

Quantitative  Estimations  of  Bacteria. — The  quantitative  estima- 
tion of  bacteria  in  water  is  of  nece.'^.sity  inexact,  because  of  the  difficulty 
of  always  securing  fair  average  samples  from  any  large  lx)dy  of  water. 
iind  because  of  the  large  variations  in  cultural  requirements  of  the 
flora  present  in  them.  All  these  methods  depend  upon  colony  enumera- 
tion in  plates  of  agar  or  gelatin,  preferably  of  l)oth.  For  the  sake  of 
gaining  some  basis  of  comparison  for  results  which,  at  best,  can  ne\'er  be  H 
entirely  accurate,  an  attempt  has  lx?en  made  by  the  American  Public 
Health  Association  ^  to  standardize  the  methods  of  analysis. 

Wat^r  for  analysis  should  always  be  collected  in  clean,  sterile  bottles, 
preferably  holding  more  tlian  100  c.c.  If  water  is  to  Ix-  taken  from  a 
running  faucet  or  a  well  supplied  with  piping,  it  is  important  that  it 
should  be  allowed  to  run  for  some  time  before  the  sample  is  taken,  in 
order  that  any  change  in  bacterial  content  occurring  inside  of  the  pipes 
may  be  excluded.  It  is  obvious  that  in  water  pipes  through  which 
the  flow  is  not  constant,  bacteria  may  find  favorable  conditions  for 
growth  and  such  a  sample  would  not  represent  fairly  the  supply  to  be 
tested.  When  the  water  Ls  taken  from  a  pond.  Like,  or  cess-pool,  the 
bottle  may  be  lowered  into  the  water  by  means  of  a  weight,  or  nuiy  be 
plunged  in  with  the  hand,  great  care  being  exercised  not  to  permit  con- 
tamination from  the  fingers  to  occur. 

After  the  water  has  been  collected  it  is  important  to  plate  it  before 
the  bacteria  in  it  have  a  chance  to  increase.  The  changes  taking  place 
during  transportation,  even  when  packing  in  ice  has  been  resorted  to, 
have  been  found  by  Jordan  and  Irons '  to  be  considerable.    It  is  impera- 

'  Mom.  State  Bd.  of  Health,  33d  Annual  Report  for  1901. 
'  Fuller,  Trans.  .\mer.  Public  Health  .^asn.,  xxvii,  1902.     Report  of  Com.  on 
Standard  Methods  of  Water  Analysis.    Jour.  Inf.  Dig.,  Suppl.  1,  1905. 
'Jordan  and  Irxms,  Reports  of  the  Amer.  Pub.  Health  Assn.,  xxv,  1889. 
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tive,  therefore,  that  plating  of  the  water,  if  possible,  shall  not  be  deUvj'ed 
for  longfT  than  one  or  two  hours  after  collection. 

Bacteriological  Examination  of  Water. — In  describing  the  meth- 
ods of  bacteriological  examinations  of  water,  we  adhere  strictly  to  the 
recommendations  of  the  Committee  on  Standard  Methods  of  the 
American  Public  Health  Association,'  taking  the  following  paragraphs 
A^-ith  slight  changes  from  their  report  of  1!)15: 

It  should  be  remembered  tlud  quantitative  estimations  of  bacteria 
in  water  are  of  most  value  when  repeatedly  done  and  a  "normal'*  for 
the  particular  water  supply  has  been  established,  so  that  deviation 
from  this  "nonnal"  can  l>e  easily  recognized.  Single  isolated  deter- 
minations may  easily  4eail  to  error. 

The  following  paragraphs  are  taken  without  change  from  the  Public 
Health  Association's  report: 

"  Since  gelatine  does  not  give  the  total  numlwr  of  bacteria  in  the  water,  the 
committee  has  thought  it  wise  to  use  agar  incubated  at  37°  C.  as  a  standard 
medium.  This  admits  of  counts  in  one  day  instead  of  two,  and  gives  results 
on  the  kind  of  bacteria  growing  at  blood  temperature  and  therefore  more 
nearly  related  to  pathogenic  types. 

"Media. — The  standard  medium  for  determining  the  number  of  bacteria 
in  water  shall  be  nutrient  agar.  All  variations  from  this  medium  shall  be 
considered  special  media.  If  any  medium  other  than  standard  agar  is  used, 
this  fact  shall  \k  stated  in  the  report. 

"For  general  work  the  standard  reaction  shall  be  +1  per  cent,  but  for  long 
continued  work  uixin  water  from  the  same  source  the  optunum  reaction  shall 
be  Bflcertained  by  experiment  and  thereafter  adhered  to.  If  the  reaction  used, 
however,  is  different  from  the  standard,  it  sliall  be  so  stated  in  the  report. 

"Procedure. — Shake  at  least  2.5  limes  the  bottle  which  contains  the  sample. 
Withdraw  one  c.c.  of  the  sample  with  a  sterilized  pii>cttc  and  deliver  it  into 
a  sterilized  Petri  dish,  10  em.  in  diameter.  If  there  Iw  reason  to  susjK'ct  that 
the  num!>er  of  bacteria  is  more  than  200  jjer  c.c,  mix  one  c.c.  of  the  sample 
with  niae  c.c.  of  sterilized  tap  or  distilled  water.  Shake  25  times  and  measure 
one  c.c.  of  the  diluted  saini>lc  into  a  Petri  disii.  If  a  higher  dilution  be  required 
procecil  in  the  same  manner,  e.^.,  one  c.c.  of  the  sample  to  99  c.c.  of  sterilized 
water,  or  one  c.c.  of  the  once  diluted  sample  to  nine  c.c.  of  sterilized  water,  and 
80  on.  In  the  case  of  an  unknown  water  or  a  sewage  it  is  advisable  to  use  sev- 
eral dilutions  for  the  same  sample.  To  the  liquid  in  the  Petri  dish  add  10  c.c.  of 
standard  agar  at  a  temperature  of  about  40°  C.  Mix  the  medium  and  water 
thoroughly  by  tipping  the  dish  back  and  forth,  and  spread  the  contents  uni- 
fonuly  over  the  bottom  of  the  plate.    Allow  the  agar  to  cool  rapidly  on  a  hori- 

» Amer.  P.  H.  .K.,  Stand.  Meth.  Exam.  Water  and  Sewage,  1915. 
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eniital  surface  and  transfor  to  the  37°  C.  incubator  m  soon  a»  it  ic  hard. 
Incul)ntc  the  culture  for  24  hours  at  a  temperature  of  37*  C.  in  n  dark,  wr-II- 
vciifilnlod  iiH'uliator  where  the  atmosplierc  is  pmctically  saturatwi  with  mob*- 
lure.'  After  the  period  of  incubation  place  the  Petri  dish  on  a  glawj  pint** 
euitalily  ruled  and  count  the  colonies  with  the  aid  of  a  lens  which  magnified 
at  least  five  rlifinieterH.  So  far  as  practjriible  the  numWr  of  colonies  upiin  the 
plate  shall  not  Ik-  allowini  1^)  exceed  21)0.  The  wiiole  numlier  of  colonies  upon 
the  plate  shall  Ije  counted,  the  practice  of  counting  a  fractional  part  being 
re8orte<i  to  only  in  case  of  necessity. 

*  It  will  be  found  ailvantjig^us  to  use  Petri  dishes  with  pomus  earthenwan' 
covers  in  order  to  avoid  the  spreading  of  colonies  by  the  water  of  cotidciisation.' 

"  Exprengion  of  lifxiUtK. — In  order  to  avoid  fictitious  accurai-y  and  yet  to 
express  the  numerical  results  by  a  method  cousistcnt  with  the  precision  of  tho 
work  the  rules  given  lielow  shall  be  followed: 

"Numbers  of  Bacteria  jx;r  c.c. 
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Qualitative  Bacterial  Analysea  of  Water. — Of  far  greater  importance 
than  tiuiintilative  uniilysis  Is  the  isohition  of  bacteria  cither  distinctly 
pathogenic,  such  as  the  cholera  spirillum  and  the  t)T)hoiil  l)acillii9, 
or  of  other  species  probably  emanating  from  contaminating  sources, 
such  as  a  B.  coli.  Unfortuiiatcly  there  are  no  reliable  methods  by  which 
typhoiil  and  cholera  germs  can  lx>  isolateti  from  water  with  any  degree 
of  regularity  or  certainty.  Although  frequently  the  isolation  of  such 
organisms  is  possible,  a  negative  result  in  these  cases  is  by  no  means 
eliminative  of  their  presence. 

The  isolation  of  typhoid  bacilli  from  water  is  very  difficult,  chiefly 
because  of  the  gresit  dilution  which  contaminations  imdergo  upon  enter- 
ing any  large  bo<ly  of  water.  The  difficulty  of  isolating  t>TJhoid  bm-ilH, 
even  from  the  steals  of  infected  patients,  makes  it  clear  that  such  diffi- 


I 


>  WkippU.  Tech.  Quar..  l»l»,  12,  p.  278;     - 
•  im,  Jour.  Mc  I.  Ilci.,  1904,  N.  8.,  S.  p.  03. 
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culties  are  enhanced  when  a  considerable  dilution  of  the  excreta  takes 
place.  Furthermore,  water  is  by  no  means  a  favorable  medium  for  the 
typhoid  bacillus.  Ru.'^.spII  and  Fuller '  have  shown  that  typhoid  bacilli 
may  die  in  water  within  five  days,  and  it  is  iinquestionablo  that  the 
rate  of  increase  of  these  bacteria  is  by  no  means  cquiil  to  that  of  many 
other  microorgjinisms  for  which  pollut-cd  water  at  the  temperature  en- 
countered in  .streams  and  lakes  forms  a  much  more  fa\'orabIe  medium. 

It  is  thus  clear  that  even  in  infected  waters  the  niunber  of  tjqihoid 
bacilli  encountered  can  never  be  very  great.' 

A  large  number  of  methods  for  the  isolation  of  the  typhoid  bacillus 
from  water  have  been  devised.  Most  of  the  metlia  usied  are  identical 
with  those  employed  for  the  isolation  of  these  bacteria  from  the  stools. 
These  media  have  been  discussed  in  the  chapter  dealing  with  the  tj^ihoid 
bacillus.  Success  is  rendered  more  likely  if  10  c.c.  of  the  wat-er  is  first 
planted  into  lactose-bile  in  fermentation  tubes  holding  40  c.c.  After 
48  hours  at  37.5°  there  will  be  an  enrichment  of  typhoid  bacilli  which 
can  be  then  isolated  liy  ])lating  in  the  u-sual  manner  (see  p.  134  and 
13.5)  on  Endo's  medium,  Conradi  Drigulski  or  any  of  the  other  usual 
dififerential  media. 

Amethod which  has  proved  useful  in  the  hands  of  Adanii  and  Chapin' 
is  one  which  depends  upon  the  phenomenon  of  agghitination.  They  at- 
tempt to  agglutinate  the  bacilli  out  uf  liter  samples  of  water  by  adding 
powerful  agglutinating  senmti. 

.Vallet  and  others  have  attempted  to  precipitate  typhoid  bacilli  out 
of  water  by  chemical  means.  To  tAvo  liters  of  water  add  20  c.c.  of  a  7.75 
per  cent  solution  of  sodium  hj-posulphite  and  20  c.c.  of  a  10  per  cent  solu- 
tion of  lead  nitrate.  When  the  precipitate  has  settled,  the  clear  super- 
natant fluid  is  decanted  and  the  precipitate  di.ssolved  in  a  saturated 
sodium  h>'posulphite  solution.  This  clear  solution  is  then  plated.  Will- 
son  *  luis  modified  this  method  by  iwlding  to  the  water  0.;>  gm.  of  alum 
to  each  liter.  The  supernatant  fluid  i.s  removed  an<l  the  precipitate 
plated. 

The  isolation  of  the  vibrio  of  cholera  is  le-ss  tlifficult  than  that  of  B. 
typhosus,  primarily  i)ec!iu.se  of  the  much  greater  numbers  of  these 
microorganisms  discharged  into  sewage.  The  number  of  cholera  spirilla 
ill  the  excreta  of  cholera  patients  is  euormou.sly  higher  than  is  that  of 

'  RutaeU  and  Fuller,  Jour.  Inf.  Dis.,  Ruppl.  2,  inO,<t. 

*  Laws  an<l  Atuiersim,  Rejy.  of  Mctl.  Ofiicor.  Ix^indon  County  Council,  1894. 
'  Ailnmi  and  Chapin,  Jour.  Mcil,  Hes.,  xl,  I'.MM. 

•  Willton,  Jour,  of  Hyg.,  v,  1905. 
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B.  typhosus  in  the  stools  of  typhoid-fever  patients.  It  is  not  infre- 
quent, therefore,  tlmt  the  source  of  a  cholera  infection  may  be  directly 
traced  to  tho  w.-itcr  supply.  Koch,'  the  discoverer  of  the  cholera  vibrio, 
hjis  indicated  a  met  liuil  whicli  has  f rKjuent  Ij'  found  successful  applicut  ion. 

To  Un  C.V..  of  the  infected  water  are  added  one  per  cent  of  pcptoa 
and  one  per  cent  of  salt.  This  mixture  is  then  incubated  at  H7..5°  C, 
and  after  ten,  tiftccn,  and  twenty  hours,  specimens  from  the  upper 
layers  are  examined  microscopically  and  are  plated.  The  scum  from  the 
.surface  of  such  a  incdiuin  may  ho  phiti'fl  on  the  sl.arch  agar  of  Stokes 
and  llaechtel,"  on  which  colonies  of  intestinal  spirilla  will  appx'ar  pink 
and  spreading. 

Because  of  the  preat  difficulties  outlined  al)ove  in  isolating  specific 
pathogenic  genns  from  polluted  waters,  bact<'riologist,s  have  attempted 
to  form  an  approximate  estimation  of  pollution  by  the  detection  of  other 
microorganisms  which  fomi  the  prednminatinji  flora  of  sewage.  Chi«'f 
among  these  is  B.  culi.  The  isolation  and  numerical  ••stimation  of  B. 
coli  in  polluted  water  has  been  for  a  long  time  one  of  the  criteria  of  pollu- 
tion. This  so-called  colon  test,  however,  should  always  be  approached 
with  conservatism  and  should  never  l>e  carried  out  (pialitatively  only. 
Careful  quantitative  estimation  should  Ije  made  in  every  case. 

B.  coli  in  water  is  by  no  means  always  the  result  of  human  con- 
tamination, .since  this  bacillus  is  found  in  great  abundancie  in  the  in- 
testines of  domestic  animals,  .\ccording  to  Poujol,  B.  coli  does  not 
even  always  point  to  fec4il  t«ntiuiiination,  since  this  author  was  able  to 
tind  tlie  bacillus  in  the  water  of  a  number  of  wells  where  no  possible 
contamination  of  any  sort  could  be  tracetl.  Prescott*  explains  this,  as 
well  as  similar  cases,  l»y  the  fa<'t  that  organisms  of  the  colon  group  may 
occasionally  be  para.sitic  upon  |)lant*i. 

The  opinions  of  hygienist.s  are  widely  at  variance  as  to  the  value  of 
the  colon  lest.  While  the  discovery  of  i.solated  bacilli  of  the  colon  group 
may  therefore  l>e  of  little  value,  it  is  nevertheless  safe  to  hjllow  the  opin- 
ion of  Houston,*  who  states  that  the  discovery  of  B.  coli  in  considerable 
numbers  invariably  points  to  sewage  pollution,  and  that  the  absolute 
absence  of  B.  coli  is,  as  a  rule,  reliable  evidence  of  purity. 


I 
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'  Koch,  Zeit.  f.  HvK.,  xiv,  1893. 

*  Stokes  and  llairhul,  see  Keiiort  1915  A.  P.  H.  A.,  on  Wster  Analysis.  The 
medium  la  an  aRar  witli  ."i..*;  Krams  UKar,  .1.0  meat  extract,  10.  Pepton  uod  8.5  NaCI 
to  litre  to  wliich  is  lulded  10  ip-ams  nf  sttlublp  starch. 

'  Pregcoll,  Science,  xv,  1003. 

♦  fiouiton,  Rep.  Medical  Officer,  lx)cal  Gov.  Board,  London.  1900. 
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Rosenau  states  that  a  ground  wtiter  should  be  condemned  even  if 
only  a  few  colon  bacilli  are  found,  for,  :is  he  puts  it,  "these  bacteria  have 
no  business  in  a  soil-filtered  and  properly  protected  well  or  spring- 
water."  Surface  waters,  however,  may  easily  contain  a  few  colon  bacilli 
witiiout  necessarily  ha\nng  been  ex|x)sed  to  contamination  by  human 
forces.  The  limit  of  safety,  Rosenau  states,  is  i>ne  colon  biicillus  per  c.c. 
If  more  are  present  the  water  should  be  regarded  as  suspicious.  If  more 
than  in  per  c.c.  are  found  the  water  luust  be  regarded  as  dangerous 
anrl  unqualifiedly  condemned. 

PreBTimptive  Colon  Tests. — For  this  purpose,  a  large  number  of 
methods  have  been  devised.  In  examiuiuf,'  sewage  or  other  polluted 
waters  in  which  the  number  of  colon  l>acil!i  is  comparatively  large,  the 
direct  u.se  of  lactose  litmus  agar  plates  yields  excellent  results.  The 
metliod  advise<l  by  the  .'V.merican  Public  Health  As.sociation  is  jis  follows: 

".Add  the  quantities  of  water  or  sewage  to  be  te.sted  to  fermentation  tulws 
holding  at  least  40  cubic  centimeters  of  kctose  !>ilc,'  incubate  at  37°  C.  ami 
note  the  ])roduction  of  gas.  The  .standard  time  for  observing  gas  proiluotii)n 
is  48  hours.  Small  numlvers  of  somewhat  attenuated  B.  coli  may  rctiuire  tlirec 
days  to  form  gas.  .Attenuuted  H.  coli  does  not  represent  recent  contaminatit)n 
and  all  B.  coli  not  attenuated  grows  readily  in  lactose  bile.  No  other  organism 
except  B.  Wch-hii  gives  such  a  test  in  lactose  bile.  B.  Welchii  is  of  rather  rare 
occurretu'c  in  water,  is  of  fecal  origin,  is  almost  invarialily  accompanied  by  B. 
coli,  and  the  sanitarj'  significance  is  the  same. 

"a  compari.son  of  the  positive  results  obtained  in  the  various  dilutions  of 
the  water  or  sewage  planted  into  the  laclo.se  bile  gives  a  good  idea  of  the  rela- 
tive amount  of  contamination  in  the  various  samples  examined. 

Quantities  of  Water  TeMal. — For  ordinary  waters,  0. 1 , 1 .0  and  10.0  c.c.  shall  be 
used  for  the  colon  test.  For  sewage  and  highly  {jolluted  surface  waters,  smaller 
quantities  shall  be  used;  and  for  ground  waters,  filtered  waters,  etc.,  the  quan- 
tities shall  he  larger,  if  ncces.sar>^  to  obtain  positive  results.  The  C|uantitics 
shall  vary  preferably  in  the  tenfold  manner  incUcatotl.  Single  tests  with  quan- 
tifies which  give  ordinarily  a  ix)sitivc  result  or  ordinarily  a  negative  result  are 
in  themselves  of  but  little  account  for  quantitative  determinations.  The  range 
in  fjuantitics  studii-d  shall  be  sufRcient  to  allow  the  quantities  needed  for  both 
a  positive  and  a  negative  result  to  Ix'  recortled  for  each  san>ple.  When  this  is 
done,  the  result-s  of  several  tests  allow  an  approximate  estimate  of  the  number 
of  B.  coli  per  c.c." 

The  identification  of  colon  bacilli  so  obtained  should  then  be  under- 
taken. The  following  table,  again  taken  from  the  report  of  the  A.  P.  H. 
A.,  will  be  of  help: 

'  PreacoU,  Science,  xvi,  1902. 


698  BACTERIA  IN  AIR,  SOIL,  WATER,  AND  MILK 

+  +  I   +  I 

1.... 


+  +  +  I    I 

S^^    **—'    ^^    ■s.^f    N.^ 

+  +  + I  I + I 


;= 
O 

o 

a 

o 
o 


+  + 

2  S  — 
1^ 


^  <s  -a 


n 


I- 


•S'S 


I 


n 


I 


+  .2-S 

..^  I  2 
use 
3  S  ? 
P  ^  "^ 


.s 


-J3    o 

u  ■ 


+  .2 


2  5 

"  as    S 

OS  S 


+  +  +  +  +  I     I 


a 


555« moo 
+  I  +  + 


+  +  I   I 

s 
•a, 

a  3    s    3 

P,      ■ 

;<,  a  u  9. 

+  +  I  +  I 

I 

I  -     =     =     5 

a 

+  +  +  I  I 


•<  <  Si  O  d 


I 


I 


§ 


I 


CHAPTER  LIV 

BACTERIA    IN    MILK    AND    MILK    PRODUCTS,    BACTERU     IN    THE 

INDUSTRIES 

BACTERIA    IN    MILK 

The  universal  use  of  cows'  milk  as  a  food,  especially  for  the  nourish" 
ment  of  infante,  has  necessitated  its  close  study  by  bacteriologists  and 
hygicnista.  It  furnishes  an  excellent  culture  medium  for  bacteria  and 
is,  therefore,  pre-enunentiy  fitted  to  convey  the  germs  of  infectious  dis- 
ease. The  many  changes  which  take  place  in  milk,  furthermore,  and 
which  add  or  detract  from  its  nutritive  value,  are  due  largely  to  bacterial 
growth  and  have  been  eiuciilatcd  by  bacteriological  methods. 

Within  the  udder  of  the  healthy  cow,  milk  is  sterile.  If  pyogenic  or 
systemic  diseases  of  bacterial  origin  exist  in  the  cow,  the  milk  may, 
under  certain  circumstances,  be  infected  even  within  the  mammarj- 
glands.  In  the  milk  ducts  and  in  the  teats,  however,  even  in  perfectly 
healthy  animals,  a  certain  number  of  bacteria  may  be  found.  For  this 
reason,  even  when  all  precautionarj'  measures  are  followed,  the  milk 
as  received  in  the  pail  is  usually  contaminated.  .A.s  a  matter  of  fact, 
the  anatomical  location  of  the  udder  and  the  mechanical  difficulties  of 
milking  make  it  practically  impo.ssihlc  to  collect  milk  under  ab.solutely 
aseptic  conditions,  and,  under  the  best  circum.stances,  from  100  to  500 
microorganisms  per  c.c.  may  usually  be  found  in  freshly  taken  milk. 
Withdrawn  under  conditions  of  ordinarj'  cleanliness,  the  bacterial 
contents  of  milk  are  consirlerably  higher  than  this,  .\fter  the  proc- 
ess of  milking,  in  spite  of  all  practicable  precautions,  the  chances 
for  the  contamination  of  milk  are  con.siderable ;  but  even  could  these 
be  eliminated,  the  bacterial  contents  of  a  given  sample  would  ultimately 
rapidly  increase  because  of  the  rich  culture  medium  which  the  milk 
provides  for  bacteria.  Whether  large  increases  shall  take  place  or  not  de- 
pends, in  the  first  place,  upon  the  temperature  at  which  milk  is  kept,  and, 
in  the  second  place,  upon  the  length  of  time  which  intervenes  before  its 
consumption.     Though  fre«h  milk  possesses  slight  bactericidal  powers,' 

'  Rotenau  and  McCoy.  Jour.  Me<l.  Res.,  18,  1908. 
UDtl 
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these  are  by  no  means  sufficient  to  be  of  pnictifal  importance  in  the 
inliibition  of  bacterial  growth.  Kept  at  or  about  freezing-point,  the 
bacterial  contents  of  milk  do  not  appreciably  increase.  At  higher  tcm- 
peraUiri'.'*,  however,  a  rapid  propagation  of  bacteria  takes  place  which, 
especially  during  the  summer  months,  speedily  leads  to  enonuous  num- 
bers. In  a  caae  reported  by  Park,'  where  milk,  containing  at  the  first 
examination  30,000  microorganisms  per  cubic  centimeter,  was  kept 
at  30°  C.  (86°  F.)  for  twenty-four  hours,  the  count  at  the  enii  of  this 
time  yielded  fourteen  billions  of  bacteria  for  the  same  quantity. 

It  is  of  much  importance,  therefore,  that  the  clcjuiliness  of  dairies, 
of  cattle,  and  in  the  handling  uf  milk  should  be  reinforced  by  the  utmost 
care  in  chilling  and  icing  during  shipment  and  before  sale. 

Because  of  its  great  importance,  especially  for  the  health  of  the  chil- 
dren in  large  cities  during  tiie  summer  months,  the  milk  question  has, 
of  recent  years,  received  much  attention  from  health  officers.  In  the 
city  of  New  York,  the  question  has  been  made  the  subject  of  many 
careful  studies  by  Park '  and  his  associates.  Commissions,  working 
in  Chicago,'  Boston,*  and  other  large  towns,  have  place<l  the  sale  of  milk 
under  more  or  less  exact  bacteriological  supervision.  Park  has  de- 
termined  that  the  milk,  as  sold  in  New  York  stores  during  the  cold 
weather,  not  infrequently  averages  seven  hundred  and  fifty  thousand 
bacteria  per  cubic  centimetc^r;  during  the  hot  sunmicr  months,  the 
bacterial  contents  of  similar  milk  not  infrequently  average  one  million 
and  more,  for  the  same  quantity.*  In  consequence  of  these  and  other 
researches,  large  dairies  have  introduced  ijacteriological  precautions 
into  their  mcthotl  of  milk  production.  They  have  attempted  the  rp<luc- 
tion  of  the  bacterial  contents  of  milk  by  scrupulous  cleanliness  of  the 
bams  and  of  the  udders  and  teats  of  the  cow,  by  the  elimination  of  dis- 
eased cattle,  by  sterilization  of  the  vessels  in  which  the  milk  is  received, 
and  of  the  hands  of  the  milker;  also  by  the  immediate  filtering  and 
cooling  of  the  milk  and  the  packing  of  the  milk  cans  in  ice,  where 
they  remain  until  delivered  to  the  consumer.  In  consequence  of  such 
measures,  it  is  possible  for  cities  to  be  supplied  with  mUk  containing  no 
more,  and  oftf-n  less,  than  fifty  thousand  bacteria  to  the  cubic  centimeter. 
A  standard  of  cleanliness  has  been  established  in  various  towns  by  the 


«  Park.  W.  H..  "  Pathogenic  Bacteria,"  New  York,  1905,  p.  403. 
'  Park,  Jour,  of  Hygiene,  1,  1901. 

>  Jordan  and  Heinemann,  Rep.  of  the  Civic  Federation  of  Chicago,  1904. 
*  Sedgwick  »Dd  BaUAelder,  Host.  Me<l.  and  Surg.  Jour.,  126,  1892. 

>  Eicherieh,  Fort.  d.  Medisin,  16  and  17,  1885. 
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introduction  of  the  so-callcil  "certified  niiJk,"  which,  by  the  New  York 
Milk  Conimissiou,  is  required  to  contain  no  more  than  thirty  thousand 
bacteria  per  cubic  centimeter.  Great  stress  is  laid  upon  such  numerical 
counts  simply  in  that  they  are  approximate  estimates  of  cleanliness. 
Most  of  the  bacteria,  however,  contained  in  milk  are  non-pathugenic, 
and  numbers  much  larger  than  the  maximum  required  for  certified  milk 
may  be  present  without  actual  disease  or  hai*m  following  ita  consump- 
tion. 

The  various  species  of  bacteria  which  may  be  found  in  milk  includ«> 
almost  all  known  varieties.  Whether  there  are  special,  so-called  milk 
bacteria  or  not  is  a  question  about  which  investigators  have  expressed 
widely  differing  opinions.  It  is  probable  that  many  of  the  species, 
formerly  regarded  as  specifically  belonging  to  milk,  ai-e  there  simply  l>y 
virtue  of  their  habitual  presence  in  fodder,  straw,  or  bedding,  or  upon 
cattle.  It  is  likely,  furthennorc,  that  some  of  these  species  are  found 
with  great  regviiarity  because  of  tlicir  power  to  outgrow  other  species 
under  the  cultural  conditions  offcreil  them  in  milk. 

Under  normal  contlitions,  milk  always  undergoes  a  process  which  is 
popularly  known  as  souring  aiul  curdluig.  This  is  due  to  the  forma- 
tion of  lactic  acid  from  the  milk  sugar  anil  is  the  result  of  the  enzymatic 
activities  of  several  varieties  of  bacteria  commonly  found  in  milk.  Most 
common  among  these  bacteria  is  the  so-called  Bacillus  lactis  aerogenes, 
an  encapsulated  l>acillus  closely  related  to  the  colon-haeiUus  group.  (See 
page  451.)  The  transforntation  of  the  lactose  into  lactic  acid  may  occur 
either  directly  by  hydrolytic  cleavage: 

C„H„0„  +  H,0  =4C3H,0,; 

or  indirectly  through  a  monosaccharid, 

C.,  H^  0„  +  H,  O  =  2  C,  H,,  0„  =  4  C,  H,  0,. 

Other  microorganisms  which  may  cause  lactic-acid  fermentation  in 
milk  are  the  so-called  Streptococcus  lacticus,  the  common  pyogenic 
streptococcus,  the  Staphylococcus  aureus,  Bacillus  coli  communis  and 
communior,  and  many  other  species.  Most  commoidy  concerned  in  lactic- 
acid  production,  however,  according  to  Heinemaim,'  are  the  two  firsts 
mentioned,  Bacillus  lactis  aerogenes  and  Streptococcus  lacticus.  The 
secret  of  the  regularity  with  which  some  of  these  bacteria  are  present  in 
sour  milk  is  probably  found  in  the  ability  of  these  varieties  to  withstand 
a  much  higher  degree  of  acidity  of  the  culture  medium  than  other  species. 


■  Heinemann,  Jour,  of  Inf.  Dis.,  3,  1906, 
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In  c'onsoquence,  they  arc  able  to  jjcrsist  aiitl  develop  when  cultural  con- 
ditions are  absolutely  unsuited  to  other  bacteria. 

Consequent  upon  acidification  of  the  milk  by  lactic-acid  formation, 
there  is  coagulation  of  casein.  C»sein  precipitation,  however,  may 
also  be  due  to  a  non-acid  coagulation  cuusetl  by  a  bacterial  ferment. 
Casein  precipitated  in  this  way  may  be  redissolved  by  a  bacterial 
trypsin  or  casease,  produced  by  the  same  or  other  bacteria,  the  milk 
again  becoming  entirely  liquid,  tnmsparent,  and  of  a  yellowish  color. 
The  casein  precipitated  by  lactic-acid  formation,  however,  ia  never 
thus  redissolved,  because  the  high  acidity  does  not  permit  the  pro- 
teolytic ferments  to  act.' 

Butyric-acid  fermentation  in  milk,  a  common  phenomenon,  is  alflo  an 
evidence  of  bacterial  growth.  .Vs  a  rule,  it  is  produced  by  the  anaerobic 
bacteria,  and  is  a  process  developing  much  more  slowly  than  other  fer- 
mentations. A  large  number  of  bacteria  have  been  described  which 
are  capable  of  producing  such  changes,  the  chemical  process  by  which 
they  are  produced  being,  as  yet,  not  entirely  understood.  It  is  probable 
that  the  process  takes  place  after  hydrolysis  of  the  disaccharid  some- 
what according  to  the  following  formula: 

C,  H„  0,  =  C,  H,  O,  +  2  CO,  +  2  H,. 


Special  bacteria  have  been  descrihetl  in  connection  with  this  form 
milk  fermentation ,■  most  of  them  noa-pathogenic.  It  is  unquestionable, 
however,  that  many  of  the  well-known  pathogenic  bacteria,  such 
Bacillus  aerogenes  capsulatus,  Bacillus  cedematis  maligni,  possess  the 
power  of  similar  butyric-acid  formation.  While  less  commonly  ol>scrved 
in  milk,  because  milk  is  rarely  kept  long  enough  to  permit  of  the  action 
or  development  of  these  enzymes,  the  butyric-acid  fermentation  is  of 
importimce  in  connection  with  butter,  where  it  is  one  of  the  causes  pn>- 
ilucing  rancidity. 

.Mcoholic  fermentation  may  take  place  in  milk  as  a  result  of  the  ac- 
tivities of  certain  yeasts.  Upon  the  occurR'nce  of  such  fermentations 
depends  the  production  of  kefyr,  koumys,  and  other  beverages  which 
have  been  in  common  u.se  for  many  years,  especially  in  the  region  of  the 
Caucasus.  The  characteristic  quality  of  these  beverages  is  cotitril>- 
uted  by  the  feeble  alcoholic  fermentation  produced  by  members  of  the 
saccharomyces  group,  but  side  by  side  with  this  process  lactio-acid  forma- 
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<  Conn.  Ezper.  SUt.  Rep.,  1892. 

"  SchaUen/roh  und  Ortuherger,  Arch.  f.  Hyg.,  37,  1900. 
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tion  also  takes  place.  Beijerinck,'  who  has  carefully  studied  the  so- 
called  kefyr  seeds,  used  for  the  production  of  kefyr  in  the  East,  has 
isolated  from  them  a  form  of  yeast  similar  in  many  respects  to  the 
ordinary  beer  yeast,  and  a  large  bacillus  to  which  he  attributes  the 
lactic-acid  formation. 

Occasional  but  imcomnion  changes  which  occur  in  milk  lead  to  the 
formation  of  the  so-called  "  slimy  milk,"  yellow  and  green  milk,  and 
bitter  milk.  These  may  be  due  to  a  number  of  bacteria.  A  microorgan- 
ism which  is  commonly  found  in  connection  with  the  slimy  changes  in 
niiik  is  the  so-t-atlcd  Bacillus  lactis  viscosus.  .\ccording  to  the  researches 
of  Ward/  this  microorganism  is  frequently  derived  from  water  and  it  is 
the  water  supplj"  which  should  attract  attention  whenever  such  trouble 
occurs  in  dairies. 

The  so-called  blue,  green,  and  yellow  changes  arc  usually  due  to 
chromogenic  bacteria,  such  as  Bacillus  cyanogenes,  Bacillus  prodigiosus, 
and  others. 

"  Bitter  milk,"  a  condition  which  has  occasionaUy  been  observed  epi- 
demicidly,  is  also  the  consequence  of  the  growth  of  microorganisms. 
ri)nn,'in  1891,  isolated  from  a  specimcu  of  bitter  cream  a  diplococcus 
which  occasionally  forms  chains  and  which  in  sterilized  milk  develops 
rapidly,  producing  an  extremely  bitter  taste.  The  organism  of  Conn 
differs  from  a  similar  diplococcus  described  by  Wagmanii  *  in  that  it 
posseaaea  the  ability  of  producing  butyric  acid. 

ISilk  in  Relation  to  Infections  Disease. — As  a  source  of  direct  in- 
fection, milk  is  second  only  to  water,  and  deserves  close  hygienic  at- 
tention. A  large  number  of  infectious  diseases  have  been  traced  to  milk, 
although  the  actiud  proof  of  the  etiological  part  played  by  it  in  such  cases 
has  often  been  difficult  to  adduce  and  has  necessarily  been  indirect. 
Nevertheless,  even  when  indirect  proof  oidy  has  been  brought,  it  has  been 
sufficiently  convincing  to  necessitate  the  most  careful  investigation  into 
milk  supplies  whenever  epidemics  of  certain  infectious  maladies  occur. 

Typhoid-fever  epidemics  have  been  frequently  traced  to  milk  in- 
fection, and,  in  this  disease,  milk  is,  next  to  water,  the  most  frequent 
etiological  factor.  Schiider,"  in  an  analysis  of  six  hundred  and  fifty 
typhoid  epidemics,  found  four  hundred  and  sixty-two  attributed  to 
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>  Beijerinck,  Cent.  f.  Bakt.,  vi,  1889. 

•  Ward,  BuU.  165,  ComeU  Univ.  Agri.  Exp.  Stat.,  1899. 

*Conn,  Cent.  f.  Bakt..  ix,  1891. 

*Wagmann,  Milchztg.,  1890. 

*Sehxtder,  Zeit.  f.  Hyg.,  xxxviii,  1901. 
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water,  one  hxindred  and  ten  to  milk,  and  seventy -eight  to  all  otha*'' 
causes. 

Trask*  compiled  statistics  of  one  hundred  and  seventy-nine  typlinid 
epidemics  supposed  to  have  been  caused  by  milk,  in  various  partjs  of  the 
world.  In  all  such  epidemics  the  origin  of  infection  was  genemUy  trace- 
able to  diseased  or  convalescent  persons  employed  in  dairies,  to  con- 
taminated well  water  used  in  washing  milk  utensils,  or  to  the  ose  of  cans 
and  bottles  returned  from  dwellings  where  typhoid  fever  had  existed. 
Actual  bacteriological  proof  of  the  infectiousness  of  milk  by  the  Ls<il!aion 
of  Bacillus  typhosus  is  rare,  but  has  been  accomplished  in  isolated  in- 
stances. In  the  case  of  one  epidemic,  Conradi '  isolated  the  bacillus  from 
the  milk  on  sale  at  a  bakery  at  which  a  large  number  of  the  infecKnl 
individuals  had  purchased  their  milk.  The  examination  of  market  n>ilk 
at  Chicago,  through  a  period  of  eight  years,  revealed  the  presence  of 
typhoid  bacilli  but  three  times. 

In  spite  (jf  the  few  cases  in  which  actual  bacteriological  proof  has  Ijcen 
brought,  it  is  not  unlikely  that  carefid  and  systematic  researches  would 
reveal  a  far  greater  numl>er,  since  many  writers  have  shown  that  typhoid 
bacilli  may  remain  alive  in  raw  milk  for  as  long  as  thirty  days,*  and 
may  actively  proliferate  in  the  milk  during  this  time.  One  peculiarity 
of  epidemics  which  may  aid  in  arousing  the  suspicion  that  they  have 
originated  in  milk  is  that,  in  such  cases,  women  and  children  an-  fir 
more  frequently  attacked  than  men.* 

A  feature  which  adds  considerably  to  the  dangers  of  milk  infection 
is  the  unfortunate  absence  of  aqy  gross  changes,  such  as  coagulation, 
by  the  growth  of  typhoid  bacilli. 

Scarlet  fever,*  though  as  yet  of  unknown  etiolog.v,  has  in  ratiny  cases 
been  traced  indirectly  to  milk  infection.  Triisk  has  collected  6fty-one 
epidemics  of  scarlet  fever  presumaiily  due  to  milk.  In  one  epidemic 
occurring  in  Norwalk,  Conn.,"  twenty-nine  cases  were  rli.stributed  among 
twenty-five  families  living  in  twenty-four  different  houses.  The  indi- 
viduals affected  did  not  attend  the  same  school,  and  were  of  entirely 
different  social  standing,  the  only  factor  common  to  all  of  them  being 
the  milk  supply. 
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<  Tnuk,  Bull.  No.  41,  U.  S.  Pu!..  Htahh  and  Mar.  Hosp.  Serv.,  Wwh. 
» Conmili,  Cent.  f.  Bakt..  I,  x\.  laO.'i. 

*  Heim,  Ari>.  a.  d.  kais.  Gesiindheitaaint,  v. 

•  WiUkena,  Zeit.  f.  Hyg.,  xxvii,  1898. 

•  TVmAt,  loc.  pit. 

*  Herbert  E.  Smith,  Rap.  Conn.  State  B«l.  of  Health,  1897. 
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Diphtheria  has  been  frequently  traced  to  the  use  of  infected  milk. 
In  most  of  the  epidemics  reported  as  originating  in  this  way,  the  proof 
haa  been  necessjirily  indirect.  In  two  out  of  twenty -three  epidemics 
reported  by  Trask,  however,  Bacillus  diphtheria;  was  isolated  from 
the  milk  directly.  The  ability  of  the  Klelw-I^effler  bacillus  to  proliferate 
and  n.'niain  alive  for  a  long  while  in  raw  milk  has  been  demonstrated 
liy  Eyre  '  and  others. 

Whether  or  not  cholera  asiatica  may  be  transmitted  by  means  of 
milk  lias  bcena  di.sputcd  question.  Hew.se  '  claims  that  cholera  spirilla  die 
out  in  raw  milk  within  twelve  hours.  This  statement,  however,  has  not 
been  borae  out  by  other  obsen'cra.^  Unquestionable  cases  of  direct 
transmission  of  cholera  by  means  of  tnilk  have  been  reported  by  a  num- 
ber of  writers,  notably  by  Simpsun.' 

The  relation  of  milk  to  the  diarrheal  diseases  of  infants  has,  of  late 
years,  received  a  great  deal  of  attention.  In  large  cities,  during  the 
summer  months,  numerous  cases  of  infantile  diarrhea  among  bottle- 
fed  babies  occur,  which,  in  many  instances,  an'  attributed  to  feeding  with 
contaminated  milk.  Park  and  Holt,''  who  have  made  extensive  n-- 
aearches  upon  this  question  in  New  York  City,  have  come  to  the  con- 
clusion that  the  harmful  effects  of  contaminated  miUc  upon  babies 
can  not  be  ascribed  to  any  given  single  microorganism  in  the  milk. 
Specifically  toxic  properties  weit;  found  by  these  writers  for  none  of  the 
one  hundr-ed  and  thirty-nine  different  species  of  bacteria  isolated  from 
unsterili/.ed  mOk.  It  is  unlikely,  therefore,  that  the  diarrheal  diseases 
among  babies  have  a  uniform  bacteriological  cause.  WTi ether  or  not 
these  diarrheal  conditions  depend  entirely  upon  the  bacterial  contents 
of  milk  or,  in  a  large  immber  of  cases  at  least,  upon  the  inability  of  the 
child  to  digest  cows'  milk  because  of  chemical  conditions,  must  be  left 
undecided.  Park  and  Holt,  in  analyzing  their  extensive  data,  conclude 
that  milk  containing  "over  one  million  bacteria  to  the  cubic  centimeter 
is  certainly  harmful  to  the  average  infant." 

The  significance  of  the  presence  of  streptococci  in  milk, as  an  element 
of  danger,  has  recently  received  much  attention  in  the  hterature.  Heine- 
mann,'  who  has  made  a  careful  comparison  of   Streptococcus  lacticus 

'  Eyre,  Brit.  Med.  Jour,  1899. 

iHeaae,  Zpit.  f.  IlyK.,  xvii,  1894. 

'Batenau,  Ardi.  f.  Hyg.,  xxiii,  1895. 

tSimpmn,  fnilian  Med.  Gat.,  1887. 

»  Park  and  lioll,  Arch,  of  Ped.,  Dec,  1903. 

»Heinemann,  Jour.  Inf.  Dig..  3,  1906. 
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(formerly  spoken  of  as  Bacillus  acidi  lactici  [Kruse]),  with  other  strep- 
tococci, has  shown  that,  essentially,  this  streptococcus  does  not  differ 
from  streptococci  from  other  sources,  and  is  practically  indistinguish- 
able by  cultural  methods  from  Streptococcus  pyogenes.  Similar  com- 
parisons made  by  Schottmuller,'  Miiller,'  and  others  have  led  to  like  re- 
sults. Since  streptococci  may  be  found  in  milk  from  perfectly  normal 
cows  and  are  almost  regularly  associatetl  with  lactic-acid  fermenta- 
tion, it  is  unlikely  that  these  microorganisms  hold  ordinarily  any 
specific  relationship  to  disease. 

Recently,  however,  a  niunber  of  epidemics  of  sore  throat  caused  by 
streptococci  liave  been  traced  to  milk  upon  reasonably  reliable  e\ndence. 
Accounts  of  such  epidemics  in  fhicjigo  and  in  Baltimore  have  been 
published  by  Capps  and  Miller '  and  by  Hamburger.* 

The  presence  of  pus  cells  and  leucocytes  in  milk,  together  with 
streptococci,  was  also  formerly  regarded  as  of  great  importance. 
Enumerations  of  leucocytes  in  milk  were  first  made  by  Stoke«  and 
Weggefartb.*  Their  method  of  enumeration  consisted  in  centrifugaiix- 
ing  a  definite  volume  of  milk,  spreaihng  the  entire  sediment  over  a 
definite  area  on  a  sUde,  and  counting  the  leucocytes  found  in  a  number  of 
fields.  Calculations  from  this  may  then  be  made  as  to  the  number  of 
leucocjies  per  cubic  centimeter.  This  method,  and  modifications  of  it, 
have  been  ased  bj-  a  large  number  of  observers,  but  the  value  of  the  con- 
clusions drawn  from  them  has  been  much  exaggerated.  Normal  milk 
may  contain  leucocytes  in  moderate  numbers,  and  importance  may  be 
attached  to  such  leucocyte  counts  only  when  their  number  largely  ex- 
ceeds that  present  in  other  specimens  of  perfectly  normal  milk.  When- 
ever such  high  leucocyte  counts  arc  found,  of  course,  a  careful  veteri- 
nary inspection  and  examination  for  pyogenic  di.se^ise  should  be  made. 

Foot-and-mouth  disease,  an  infectious  condition  prevailing  among 
cattle,  characterized  by  a  vesicular  rash  on  the  mouth  and  about  the 
hoofs,  has,  in  a  number  of  cases,  been  definitely  shown  to  be  transmitted 
to  man  through  the  agency  of  milk.  Notter  and  Firth*  reported  an 
epidemic  occurring  among  persons  supplietl  with  milk  from  a  single  dairj' 
in  which  foot-and-mouth  disease  prevailed  among  the  cows.     In  this 

'  ScJuMmdUer,  MOnch.  med.  Woch.,  1903. 
'  MuUer,  Areh.  f.  Hyg.,  Ivi,  1906. 

•  Cappt  and  Miller,  Jotir.  A.  M.  A.,  June,  1912,  p.  1848. 

•  Hamburger,  Bull,  of  the  Johns  Hopk.  Hoep.,  xxiv,  Jan.,  1913. 

•  Stakes  and  Weggtfnrlh,  Mod.  News,  91,  1897. 

•  NoUer  and  Firth,  quotni  from  Hairinnton,  "Theory  and  Practice  of  Hygiene." 
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epidemic,  two  hundred  and  five  indi^^duals  were  affected  with  vesic- 
llar  eruptions  of  the  throat,  with  tonsillitis  and  swellings  of  the  cervical 
[ijTnph  nodes.     Similar  cases  have  been  rejjorted  by  Pott.' 

Although  anthrax  has  never  been  definitely  shown  to  have  been 
conveyed  by  milk,  Boschetti  *  8ucce<xled  in  isolating  living  anthrax 
f  bacilli  from  a  sample  of  milk  two  weeks  after  its  withdrawal  from  the  cow. 

Milk  and  Tuberculoiti.i. — The  question  of  the  convej'ani^e  of  tuber- 
culosis by  means  of  milk  is  a  subject  which,  V)ecause  of  its  great  im- 
portance, has  been  extensively  investigated  by  bacteriologists.  A 
large  number  of  obser\'ers  have  succeeded  in  proving  the  presence  of 
tubercle  bacilli  in  the  milk  of  tulierculous  cows  by  intraperitoneal  in- 
oculation of  raiibits  and  guinea-pigs  with  samples  of  milk.  Such  posi- 
tive results  hiive  been  obtained  by  Bang,'  Hirschberger,^  Ernst,'  and 
many  others.  A  numlx'r  of  these  observers,  notably  Ernst,  have  shown 
that  tubercle  bacilli  may  be  present  in  the  milk  without  tuberculous  dis- 
ease of  the  udders.  In  an  examination  of  the  milk  suj^jily  of  Wa.shington, 
D.  C,"  G.72  per  cent  of  the  siunple.s  contained  tubercle  bacilli. 

The  path  of  entrance  of  the  bacilli  from  the  cow  into  the  milk  has 
long  been  a  subject  of  controversy.  Thaf  the  bacilli  may  easily  enter 
the  milk,  when  tuberculous  disease  of  the  udtler  is  present,  stands  to 
reason  and  is  universally  conceded.  It  is  now  believed  also,  on  the 
basis  of  much  ejcperimeutation,  that  in  systomically  infected  cows 
tubercle  bacilli  may  pa.ss  through  the  mammary  glands  into  the  milk, 
without  evidence  of  local  disease  in  the  secreting  gland.  An  experi- 
ment performed  by  the  Royal  British  Tuberculosis  Commission '  illus- 
trates this  point.  A  cow,  injected  subcutaneously  with  tubercle  bacilli 
l)ehind  the  shoulder,  l)egan  to  discharge  tubercle  bacilli  in  the  milk 
within  seven  days  after  inoculation  and  continued  to  do  so  until  death 
from  generalized  tui>erculosis. 

Milk  may  become  indirectly  contaminated,  furthermore,  with 
tubercle  bacilli  emanating  from  the  feces  of  cows.  It  has  lieen  shown 
that  tubercle  bacilli  are  present  in  the  feces  of  cattle  so  early  in  the 
disease  that  diagnosis  can  be  made  only  by  a  tuberculin  test.** 

Whether  or  not  contaminated  milk  is  common  as  an  etiological 

»  PoU,  Miinch.  meii.  Wcl<^h.,  1899.  •  BoaclusUi,  Giorn,  med.  vet.,  1391. 

»  Bang,  Deut..  Zoit.  f.  Tierchem.,  xi,  1884. 

*  IlirscMerger,  Deut.  Arch.  f.  klin.  Mod.,  xliv,  1.S89. 

'  Ernst,  H.  C.  .\nicr.  Jour.  MpJ.  Sci,,  xcviii,  1890. 

'Anderson,  Bull.  No.  41,  If.  S.  P\ih.  Hciiilh  and  Mar.  Hosp.  Scrv.,  Wash.,  1908. 

'Quoted  from  Mohkr,  P.  11.,  ixnd  Mu.r.  Hosp.  Serv.  Bull.  41,  IMS. 

'  Schroeder  and  Cotton,  Bull.  Bureau  ^Vninuil  Industry,  Waah.,  1907. 
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factor  in  human  tuberculosis,  must  be  considered  at  present  as  an  un* 
settled  question.  Rphring.  at  the  Congress  of  Veterinary  Medicine, 
at  Cassel,  in  19t)3,  advanced  the  view  that  pulrnonarj'  tuberculosis  in 
adults  may  be  a  late  manifestation  of  a  milk  infection  contracted  dur- 
ing infancy.  He  stated  as  his  own  ophiion,  moreover,  that  most  caecs 
of  tuljcrculosis  in  man  are  traceable  to  this  origin.  The  problem  is  as 
difficult  of  solution  as  it  is  important.  In  bottle-fed  infants,  infection 
by  means  of  milk  unquestionably  occurs  with  considerable  frequency. 
Smith,'  Kossel,  Weber,  and  Huess,' and  others,  have  isolated  tubercle 
bacilli  of  the  boN-ine  type  from  the  mesenteric  lymph  nodes  of  many 
infected  childR-n.  Animal  experimentation  has,  furthennore,  revealed 
that  lesions  in  the  mesenteric  nodes,  as  well  as  later  in  the  bronchial 
lymph  nodes,  may  occur  as  a  consequence  of  fcetling  tul)ercle  bacilli, 
without  any  demonstrable  lesions  in  the  intestinal  mucosa.  It  is  thus 
certain  that  infection  by  the  ingestion  of  tuljerculous  milk  may  occur, 
espcciallj'  among  young  children  who,  as  is  well-know7i,  are  com- 
paratively susceptible  to  bacilli  of  the  bovine  type.  Whether  or  not  such 
infection  will  account  for  many  ea.ses  of  tuberculosis  in  adults  is  a  ques- 
tion which,  for  final  solution,  wiU  ivquire  much  more  investigation.  The 
sole  reliable  method  of  approaching  it  lies  in  determining  the  type, 
human  or  l>ovine,  of  the  bacilli  present  in  a  large  numljcr  of  cases.  E.\- 
perience  thus  far  seems  to  indicate  that  the  bovine  type  is  comparatively 
rare  in  the  pulmonary  disease  of  adults. 

The  value  of  the  tuberculin  reaction  for  diagnosis,  and  the  elimination 
of  all  cattle  showing  a  positive  reaction,  for  the  prevention  of  tubercu- 
losis, can  not  be  overestimated.  The  failure  of  the  test  in  discascHl 
animals  is  rare,  antl  an  accurate  diagnosis  can  be  established  in  over 
!>0  per  cent  of  diseased  animals.*  The  assertion  that  the  cattle  an- 
pcniianently  injured  by  tuberculin  injections  is  without  scientific  basis. 
If  this  test  were  conscientiou.'sly  carried  out,  and  infected  cattle  elim- 
inated, the  dangers  (roin  bovine  bacillus  infection  would  be  practically 
eliminated,  for  there  are  but  few  instances  in  which  science  has  b<fn  able 
to  furnish  such  definitei  information  for  absolute  protection.  It  is  nce<l- 
lesfi  to  say,  however,  that  the  carrying  out  of  such  precautions  is 
subject  to  great  expense  and  great  difficulties  of  organization. 

Dairy  inspection  is  practiced  in  the  vicinity  of  many  of  our  larger 

>  SmM,  Trans.  Assn.  Anier.  Physic,  IS.  1[»0.3. 

>  KiumI,  Wrber,  and  Uxtcm,  Tuberkul.  Arb.  a.  d.  kais.  Geaundheitsamt,  1904, 
190.5.  Hft.  1  and  3. 

*  Mohler,  loc.  cit. 
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cities,  ami  the  jnovement  is  diii\y  gaining  ground.  Until  fully  estab- 
lished, however,  upon  a  financial  basis  which  brings  the  best  products 
within  the  means  of  the  poorer  classes,  other  inexpensive  measures  to 
render  milk  safe  must  often  be  resort.ed  to. 

Sterilization  by  high  temperatures  i.s  objected  to  by  pediatricians 
because  of  the  physical  and  chemical  changes  produced  in  the  milk 
which  ai-e  said  ttj  detract  from  its  nutritive  value. 

The  development  of  scurvy  and  rickets  in  infants  has  often  been 
attributed  to  the  use  of  such  milk.  These  objections,  however,  do  not 
apply  to  the  u.se  of  milk  which  has  been  .'subjected  to  the  proces.s  of 
"pasteurization."  IJy  this  temi  is  meant  the  heating  of  any  substance 
to  60°  C.  for  twenty  to  thirty  minutes.  The  process,  first  devised  by 
Pasteur  for  the  purpose  of  destroying  germs  in  wine  and  beer  in  which 
excessive  heating  was  supposed  to  injure  flavor,  brings  about  the  death 
of  all  microorganisms  which  do  not  form  spores — in  other  words,  of  all 
the  bacteria  likely  to  be  founil  in  milk  which  can  give  rise  to  infection 
per  OS.  At  the  same  time  the  chemical  and  physical  constitution  of  the 
milk  is  not  appreciably  changed,  at  least  not  to  an  extent  which  renders 
it  less  valuable  as  a  food.  Statistics  b)'  Park  and  Holt'  have  shown 
strikingly  the  advantages  of  |)tM!teurized  over  raw  milk  in  infant  feed- 
ing. Of  fifty-one  children  fwl  with  raw  milk  during  the  summer  months, 
thirty-thri-e  had  diarrhea,  two  diet!,  an<l  only  seventi'cn  remained 
entu-ely  well.  Of  forty-one  receiving  pasteurized  milk,  but  ten  had 
diarrhea,  one  died,  and  thirty-one  remained  entirely  well  throughout 
the  summer.  The  actual  dimiimtion  of  the  living  bacterial  contents 
of  milk  by  pasteurization  is  enormous,  the  milk  so  treated  often  con- 
taining not  more  than  one  thousand,  usually  less  than  fifteen  thou- 
sand,  living  bacteria  to  each  cubic  centimeter. 

Methods  of  Entimaliiiy  (be  Xumber  uf  Bacteria  in  Milk. — In  estimating 
the  number  of  bacteria  in  milk, colony  counting  in  agar  or  gelatin  plates 
is  resorted  to.  tJreat  cai"e  must  be  exercised  in  obtaining  the  specimens. 
If  taken  from  a  can,  the  contents  of  the  can  should  be  thoroughly  mixed, 
since  the  cream  usually  contains  many  more  bacteria  than  the  rest  of 
the  milk.  The  specitiieu  is  then  taken  into  a  sterile  test  tube  or  flask. 
If  the  milk  is  supplied  in  an  onliuary  milk  bottle,  this  should  be 
thoroughly  shaken  before  being  opened,  and  the  .specimen  for  exam- 
ination taken  out  with  a  sterile  pipette.  Dilutions  of  the  specimen  can 
then  be  made  in  sterile  broth  or  salt  solution.     If  an  initial  dilution 

•  Park  and  Holt,  loc.  cit. 
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of  1  :  100  is  mtwio,  quantities  ranging  from  1  c.c.  to  0.1, c.c.  of  this  vrili 
furnish  0.01  c.c.  to  0.001  c.c.  of  the  milk,  respectively.  Inoculation  of 
properly  cooled  tubf.s  of  inelted  neutral  agar  and  gelatin,  with  varying 
quantities  of  these  tlilutioiLs,  arc  then  made  and  plates  poured.  After 
twenty-four  to  forty-eight  hours  at  room  temperature  or  in  the  in- 
cubator, colony  counting  is  done  as  descrilx'd  upon  page  161,  anri  the 
proper  calculation  is  made.  In  samples  in  which  few  b.acteria  are  ex- 
pected, direct  transference  of  1/20  or  1/40  of  a  c.c.  of  the  whole  milk 
into  the  at'nr  may  be  made.   'Diis  method  savns  time  but  i.'<  less  aeenrate. 

Direct  Uethods  of  Coonting  Bacteria. — Direct  methods  of  counting 
bacteria  in  milk  have  recently  been  advisetl,  the  one  most  extensively 
tried  beins  that  of  Prescott  nnd  Breed.  By  this  method  a  capillary 
tube  is  marked  to  measure  accurately  0.01  c.c.  This  amount  of  the 
milk  is  spread  over  a  square  cm.  on  a  microBcope  slide.  It  is  dried  in 
the  air  and  fixed  with  methyl  alcohol,  after  which  the  fatty  constituents 
can  be  dissolved  with  xylol.  It  can  then  be  stained  liphtly  with  the  Jen- 
ner  stain.  The  bacteria  are  coiuited  nnder  an  oil  immersion  lens,  the 
tube  lenirlh  and  matrniiicntion  bcint:  so  arranced  that  the  microscopic 
field  covers  l/.'iO  si|.  nun.  A  standardized  eyepiece  micrometer  may  be 
used.  The  average  number  of  bacteria  found  in  such  fields  may  be 
iiiuHiplied  hy  ,'>,00()  to  pive  the  number  of  bacteria  contained  in  0.01 
i'.c.  of  tiiilk.  Thi.s  method  h.ns  not  yet  displaced  the  one  of  plating 
and  does  not  promise  to  do  so  for  some  time. 

For  the  isolation  of  sjjecial  pathogenic  bacteria  from  milk,  no  rules 
can  Ik*  (aid  clown,  since,  in  every  case,  the  metho<i  adapted  to  the  par- 
ticular organi.sm  .sought  for  mu.st  be  chosen. 

Tubercle  bacilli  can  be  i.solated  from  milk  with  success  only  by 
guinea-pig  injection.  The  milk  is  centrifugalizcd  and  5  c.c.  of  the 
sediment,  together  with  some  of  the  cream  tlmt  has  risen  to  the  top, 
is  intrap<Titoncalh'  or  subcutaneously  inject.ed. 

Tlie  control  of  milk  in  the  market  depends  upon  careful  legulations, 
which  must  include  care  of  cattle,  dairy  inspection  and  bacteriological 
control  of  the  delivcrcfl  milk.  This  is  a  subject  which  is  too  extensive 
,to  touch  upon  in  a  book  of  this  kind.  However,  a  general  idea  of  the 
methods  employed  may  be  obtained  by  studying  the  accompanying 
table,  which  is  taken  from  the  \ew  York  City  Department  of  Health 
Regulotion  for  (he  Sale  of  Afilk  and  Cream. 

Bacteria  and  Butter. — Butter  is  made  from  cream  separattni  from 
milk  either  by  stamling  or  by  cent rifugalizat ion.  After  this,  the  cream 
is  agitated  by  churning,  which  brings  the  small  fat-globules  into  mutual 
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contact,  allows  them  to  adhere  to  each  other  anti  form  clumps  of  butter. 
It  has  been  a  matter  of  common  experience,  however,  that  unless  the 
cream  is  allowed  to  "ripen"  for  a  considerable  period  before  churning, 
the  resulting  butter  lacks  the  particular  quality  of  flavor  which  gives  it 
it3  market  value.  The  int^erval  of  ripening,  at  first  a  necessity  upon 
small  farms  where  cream  must  be  collected  and  allowed  to  accumulate, 
has  now  been  recognized  a.s  an  essential  h>r  the  production  of  the  best 
grades  of  buttt^r,  and  it  has  been  shown  that  the  changes  taking  place 
in  the  cream  during  this  period  are  referable  to  the  action  of  bacteria. 
Cream,  which  before  the  ripening  process  contains  but  50,000  bacteria 
to  each  cubic  centimeter,  at  the  end  of  a  period  of  "ripening"  will  often 
contain  many  milUons  of  microorgani.sms.  At  the  same  time,  the  cream 
l)ecomes  thick  and  often  sour. 

The  species  of  bacteria  which  t.ake  part  in  this  process  and  which, 
therefore,  mu.st  determine  to  a  large  extent  the  quality  of  the  end  prod- 
uct, are  various  anrl,  as  yet,  incompletely  known.  Usually  some  variety 
of  lactic-acid  bacilli  is  present  and  these,  iis  in  milk,  outgrow  other  species 
and,  according  to  ('onn,'  are  probably,  essential  for  "ripening." 

It  would  be  of  great  practical  value,  therefore,  if  definite  pure  cul- 
tures of  the  bacteria  wliich  favor  tlie  protluction  of  agreeable  flavors 
could  be  distributed  among  dairies.  In  Denmark  this  has  been  attempt- 
ed by  first  piist^'urizing  tlve  cream  antl  then  adfling  a  culture  of  bacteria 
isolated  from  "favorable"  cream.  Tliese  cultiu-es,  delivered  to  the 
dairyman,  are  planted  in  sterilized  milk,  in  order  to  increase  their  quan- 
tity, and  this  culture  is  then  poured  into  the  piistnurized  cream.  In 
most  cases,  these  so-cailed  "starters"  are  not  pure  cultures,  but  mi.v- 
tures  of  three  or  more  species  derived  from  the  original  cream. 

Adverse  accidents  in  the  course  of  butter-making,  such  tis  "souring" 
or  "bittering"  of  butter,  are  due  to  the  presence  of  contaminating, 
probably  proteolytic,  microorganisms  in  the  cream  during  the  process  of 
"ripening." 

As  a  means  of  transmitting  infectious  disea.se,  butter  is  of  importance 
only  in  relation  to  tuberculosis.  Obermiiller,^  Ral)mowitch,'  Boyce,* 
and  others,  have  repeatedly  found  tuherele  bacilli  in  market  butter,  and 
Alohler,"'  Washburn,  and  Rogers  have  recently  shown  that  these  bacilli 


'  Conn,  ".Agricultural  Bact4aiology,"  Phila.,  1901. 
« Obermtiller.  Hyg.  Rundschau,  14,  1897. 
»  Rabinowitck,  Zeit.  f.  Hyi?.,  x.vvi,  1S97. 

*  Boycr  and  Wowlluad,  Brit.  Mod.  Jour.,  2,  1897. 

•  Mohler,  U.  8.  P.  H.  and  Mar.  Hasp.  Serv.  Bull.  41,  1908. 
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AND  CREAM  WHICH  MAY  BE  SOLD  IN  THE  CITY  OF  NEW  YORK* 
hactcriil  oonteot  ud  time  of  deiivcry  Khali  not  apply  to  sour  ctmm 
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Med.  Boo.,  aanctionpd  by  Stato  I>aw.    Thr?  fnllowiiig  is  the  delinition  of  certified  niilk  given  by  the 

milk  moat  be  in  it«  natuiml  atate,  not  haviug  been  heated  and  wivhouV  XVu>  «i&dJAXt»v  <A  c^QM)«,xaaN.NK.T 
mUe  of  milk  mad  oremm. 
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could  remain  alive  and  virutent  for  as  long  as  five  months  in  butter  kept 
at  refrigerator  temperature.  The  acid-fast  butter  bacillus,  descrilx-il  by 
Rabinowitch  as  similar  to  the  true  Bacillus  tulierculosis,  shows  decided 
cultural  and  iuoq)h<ilogical  differences  from  the  latter. 

Bacteria  and  Cheese. — The  conversion  of  milk  product-s  into  (iheese 
conaist.s  in  a  proci>as  of  proteid  decomposition  which,  by  ita  end  products, 
leucin,  tyrosin,  anil  ammonia  compounds,  largely  determines  tlie  che<>sse- 
flavors.  The  protluction  of  cheese,  therefore,  is  due  to  the  action  of 
proteolytic  bacterial  enzy-mes '  and  the  variety  of  a  cheese  is  largely 
determined  by  the  microorganisms  which  are  present  and  by  the  cul- 
tund  conditions  prevailing.  The  sterilization  of  cream,  or  the  addition 
of  antiseptics,  absolutely  prevents  cheese  production. 

The  organisms  which  are  concerned  in  such  processes  have  been  ex- 
tensively studied  and  attempts  have  been  made,  with  moderate  success, 
to  produce  a  definite  flavor  with  pure  cultures. 

In  the  production  of  cheese  the  two  varieties,  hard  and  soft  cheeses, 
depend  not  so  much  upon  the  bacterial  varieties  as  upon  the  diflerenc-es 
in  the  treatment  of  the  curds  before  bacterial  action  has  begun.  In  the 
former  case,  a  complete  freeing  of  the  curcU  from  the  whey  furnishes  a 
culture  mcflium  which  is  comparatively  dr>'  and  of  almost  exclusively 
prot<?id  composition;  in  the  latter,  retention  of  whey  gives  rise  to  cul- 
tur;d  conditions  in  which  more  rapid  and  complete  bacterial  action  may 
take  place.  Th<>  holes,  which  are  so  often  observed  in  some  of  the  hard 
cheeses,  are  due  to  gas  production  during  the  process  of  "ripening." 

As  to  the  varieties  of  microorganisms  present  in  various  cheeses,  much 
careful  work  has  been  done.  Duclaux '  attribute*!  the  "ripening"  of 
some  of  the  soft  cheeses  to  a  microorganism  closely  related  to  Bacillus 
subtilis.  V.  Freudenreich  '  in  part  substantiated  thL<»,  but  laid  particular 
stress  upon  the  action  of  Oldium  lactis,  a  mold,  and  upon  several  vari- 
eties of  yeast.  Conn,*  more  recently,  in  a  bacteriological  study  of  Cam- 
eml>ert  cheese,  has  clemonstrat<?d  that  the  pro<luction  of  this  cheese 
depends  upon  the  united  action  of  two  microorganisms,  one  an  olilium, 
like  the  Oidium  lactis  of  Freudenreich,  which  is  found  chiefly  in  the 
intmor  softened  areas,  the  other  a  mold  belonging  to  the  pcnicillium 
variety,  found  in  a  matted  f«>lt-work  over  the  surface  and  penetrating 
but  a  short  distance.     In  spite  of  the  scientific  basis  upon  which  the 

'  Fmulrrtri-ich.  Koch's  Jahreabericht,  ct«.,  135,  1801. 
•Duf/auj,  '•!>?  IaU."  Paris,  1.887. 

•  V.  Frrtuicnn-u-h,  Cent.  f.  Bakt.,  II,  i,  1895. 

•  Conn,  Bull  SUtw.  Agri.  tiq).  SUl.  35,  1005. 
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work  of  these  men  and  of  others  has  scitih'iI  to  place  cheese  production, 
attempts  at  unifonnity  in  cheese  production  have  met  with  iihnosl  in- 
superable obstacles  because  of  the  pres<'uce  of  a  variety  of  adventitious 
microorganisms  which,  depending  in  species  and  proportion  upon  the 
local  conditions  under  which  the  various  cheeses  have  been  produced, 
have  added  minor  characteristics  of  flavor  which  have  determined  mar- 
ket value.  Occasional  failure  of  gootl  results  in  clieese  production 
due  to  contamination  with  other  chromogenic  or  putrefactive  bacteria. 
In  its  relationship  to  the  spread  of  infectious  disease,  chee.se  is  rela- 
tively unimportant  except  in  regard  to  tuberculosis.  Tyi)hoid  and 
other  nou-sjxirf'  forming  pathogenic  germs  can  not  survive  the  condi- 
tioas  existing  (hiring  cheese-ripening  for  any  length  of  time.  Tubercle 
bacilli,  both  of  the  human  and  bovine  tj-pes,  have  been  found  in  cheese 
by  Harrison  '^  and  others,  and  Galticr  h:is  shown  experimentally  that 
tubercle  bacilli  may  remain  alive  and  virulent  in  both  salted  and  un- 
salted  cheese  for  as  long  as  ten  days. 

THE   LACTIC-ACID   BACILLI   AND   METCHNIKOFF'S   BACTERIO- 

THERAPY 

A  problem  which  has  occupied  clinical  investigation  for  many  years 
is  that  of  gastrointestinal  autointoxication.  There  are  a  number  of 
conditions  occurring  in  man,  in  which  symptoms  profoundly  affecting 
the  nervous  system,  the  circulation,  and.  in  a  variety  of  ways,  the  entire 
body,  can  be  clinically  traced  to  the  intestines,  and  can,  in  many  cases, 
be  relieved  by  thorough  purgation  and  careful  diet.  In  some  of  these 
con<iitions,  specifics  microorganisms  can  be  hekl  accountable  for  the 
diseases  (B.  enteritidis,  B.  Ixttulinus,  etc.).  In'other  cases,  however, 
etiological  investigations  have  met  with  but  partial  success  because  of 
the  large  variety  of  microorganisms  present  in  (he  intestinal  tract  and 
becaase  of  the  complicated  sjinbiotic  conditions  thereby  prwluced. 
Intestinal  putrefaction,  recognized  as  the  cardinal  feature  of  such 
maladies,  has  been  attrilmted  to  Bacillus  proteus  vulgaris,'  to  Bacillus 
aerogenes  capsulatus,  to  Bacillus  putrificus,^  and  to  a  number  of  other 
Imcteria,  but  definite  and  satisfactory  proof  as  to  the  etiological  im- 
portance of  any  of  these  germs  has  not  yet  been  advanced.    The  fact 

'  Beijrritick,  Koch's  Jahresber,  etc.,  82,  189. 

'  IlairUnn  and  GaltUr,  quoted  from  Mohler,  U.  8.  Pub.  H.  and  Mar.  Hosp.  Serv., 
Hygiene  Ijib.  Bull.  41,  10(18. 
'  Lemgc,  Rev.  de  m6<l.,  1887. 
*  Tiuier,  Ann.  de  I'inst.  Paateur,  1005. 
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remainB,  however,  that,  whatever  may  be  the  specific  cause,  the  disease 
itself,  a  grave  and  often  fatjil  affliction,  may  be  clinically  traced,  in  a 
number  of  cases,  to  the  absorption  of  poisons  from  the  intestinal  canal, 
and  it  is  more  than  likely  that  these  poisons  are  the  produ(;ts  of  bacterial 
activity.  Reason  dictates,  furthermore,  that  the  bacteria  primarily 
responsible  for  the  jinxluction  of  these  trmc  substances  do  not  belong  to 
the  varieties  which  attack  carlMdij'tlrates  only,  but  must  lielong  in  that 
class  of  aerobic  and  anaerobic  germs  which  possess  the  power  of  breaking 
up  prot«ids — in  other  words,  the  bacteria  of  putrefaction. 

On  the  basis  of  the  mutual  antagonism  existing  in  culture  between 
many  acid-producing  liacteria  and  those  of  putrefaction — a  phenomenon 
recognized  by  some  of  the  earliest  workers  in  this  field,  many  investiga- 
tors have  suggesleil  tlie  possibility  of  combating  intestinal  putrefaction 
by  adding  acid-forming  bacteria  together  with  cartx)hydrates  to  the  diet 
nf  patients  suffering  from  tliis  condition.  The  first  to  suggest  this 
therapy  was  Escherich  '  who  prop<ised  the  u.se,  in  this  way,  of  Bacillus 
lactos  aerogenes;  with  the  same  end  in  view,  Quincke,'  a  little  later, 
suggested  the  use  of  yeasts — OTdiiuii  liictis.  The  reasoning  underljnng 
the.se  atternpt-8  was  meanwhile  upheld  by  experiments  carried  out  both 
in  vitro  and  upon  the  living  patient.  Thus  Brudzinski '  was  able  to 
demonstrate  that  Bacillus  lactis  aerogenes,  in  culture,  inhibited  the 
development  of  certain  races  of  the  proteus  species  and  succeeded  in 
obtaining  markedly  favorable  results  by  feeding  pure  cultures  of  Bacillus 
lactis  aerogenes  to  infant*  suffering  from  fetid  diarrhea.  Similar  ex- 
periments *  carried  out  with  the  Welch  bacillus  (aerogenes  capsulatus) 
and  Bacillus  coli,  however,  had  no  such  corroboratory  results,  since  this 
anaerobe  posseases  a  considerable  resistance  against  an  acid  reaction. 
In  considering  the  difficulties  of  the  problems  involved  in  this  question, 
it  occurred  to  Metchnikoff '  that  much  of  the  practical  failure  of  therapy, 
based  upon  the  jjrineiples  stated  alcove,  might  \>e  referreil  to  insufficient 
powers  of  acid  production  on  the  part  of  Bacillus  coli,  Bacillus  lactis 
aerogenes,  and  other  germs  previously  ased.  In  searching  for  more  pow- 
erful acid  producers,  his  attention  was  attracted  to  Bacillus  bulgaricus, 

•  EiehericJi,  Therapeut.  Monatahefte.,  Oct.,  1887. 
'Quincke,  Verhandl.  des  Conicress  f.  Inn.  Metl.,  Wiesbaden,  1898. 
'  BrwhAnski,  Jithrbuch  f.  Kindcrlicilkunde,  .*)2,  1000  CErgSniun^eft). 

•  Titner  and  MarUtty,  .\nn.  de  I'inst.  Pasteur,  1906. 

•  Metchnikoff,  "rrolouRiition  of  Life,"  G.  P.  Putmim's  Sons,  N.  Y.;  abo  in  "Bac- 
t(5rioth6rapie,"  etc.  "Biblioth^ue  de  thdraiieutique,"  Oilbcrt  and  Camot,  Paris, 
1909. 
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isolated  from  milk  by  Msissol  '  and  Cohcndy  -  in  1005.  This  bacillus, 
according  to  the  rcsoardii'S  of  Bertrand  and  W'ciswciiler,-^  produces  as 
much  as  25  grams  of  lactic  acid  per  liter  of  milk.  In  addition  to  this, 
it  manufactures,  from  the  same  quantity  of  milk,  about  .50  centigrams 
of  acetic  and  succinic  acids  and  exerts  no  putrefactive  action  upon  pro- 
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teids.    .Added  to  tiiese  characters,  it  is  especially  adapted  to  tjjorapeutic 
application  by  its  complete  lack  of  pathogenicity. 

The  a(hninistration  of  tlie  bacillus  tu  patienls  suffering  from  intestinal 
putrefaction,  first  sugge.sted  b\-  Metchnikoff  in  19(R),  hits,  since  that  time, 
b(M'n  extensively  practiced  and  often  with  remarkable  succe.s.s.  In  spite 
of  sharp  criticism,  especially  by  Lucrsen  and  Kiihn,*  who  deny  much  of 


'  Massol,  Revue  m<-dicnle  de  la  Suisse  romaniic,  10O.5. 

*  Cohcniti/,  Comptea  rend,  de  la  .soc.  de  biol.,  tK),  19(W. 

*  Brrlriitul  and  Wi-iswcUitT,  .\nn.  de  I'in.st.  Pasteur,  1906. 

*  Lueracn  aad  Kuhn,  Cent.  f.  Bokt.,  II,  xx,  1908. 
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the  antiputrefactive  acti\'ity  of  the  bueillus,  the  treatment  of  Mcteh- 
nikoff  has  found  many  adherents,  upon  the  basis  of  purely  rHnical  ex- 
periment. It  is  not  possible  U^  review  eonipletcly  thi-  ain-july  exten.sive 
literature.  Among  the  more  valuable  contributions  may  \k'  mentioned 
the  articles  by  Grekoff,'  by  "NVegele,^  and  by  Klotz.'  In  Metchnikoff's 
experiments  and  in  the  work  of  his  immediate  successors,  the  bticillus 
was  used  cither  in  milk  culture  or  in  l)roth  in  wliicli  it  was  induced  to 
grow  in  symbiosis  with  other  microorganisms. 

Recently,  North  *  has  sugge.stetl  the  use  of  Bacillus  bulgaricas  in 
parts  of  the  body  other  than  the  digestive  tract.  His  work  was  made 
feasible  by  the  discovery  that  the  bacillus  could  be  cultivatetl  in  dex- 
trosi'-pepton  broth  to  which  calcium  carbonate  has  bwn  addiil,  after 
the  manner  reconmiended  by  HisiS.  With  such  cultures,  applied  in  the 
form  of  a  spray,  inflammations  of  the  ear,  nose,  throat,  genitourinary 
tract,  etc.,  have  been  treated,  many  of  them  with  success. 


I 


BACTEEIOLOGICAl  EXAMINATION  OF  OYSTERS 

On  account  of  the  danjrer  of  the  transmission  of  typhoid  fever  by 
oysters  which  have  been  breil  or  stored  in  contaminated  water,  stand- 
ard metlimls "  have  been  devise*!  for  the  estimation  of  the  bacterial  oon 
tent  of  oysters.  These  are  similar  in  principle  and  metho«l  t«)  those 
used  for  the  exaniiuHtion  of  watt-r,  and  a  ninst  important  index  of 
sewage  contamination  and  con.se<|uent  dantrer  of  typhoid  infection  is 
the  nuTnber  of  colon  bacilli  present  in  the  shell  fish.  The  shell  liquor 
is  used  for  exatiiinaticm,  an<l  in  examining  oysters  in  the  shell  the  fol- 
lowing procedure  is  followed:  Five  oysters  having  deep  bowLn  and 
closed  shells  are  selected.  Lijw  of  the  shell  are  steriliied  in  the  flame 
or  by  burning  with  alcohol.  The  liijuor  is  obtained  by  opening  the 
shell  with  a  sterilized  knife,  or  better,  by  drilling  a  hole  through  the 
flame  surface  with  a  sterilized  gimlet.  For  determining  the  total  num- 
ber of  hnctcria  the  shell  liipior  is  withdrawn  with  a  sterilized  piin^tte, 
diluted  with  1  per  cent  salt  solution,  and  placed  in  agar,  as  ileserilxHl 
on  page  693.  More  important,  however,  is  the  presumptive  colony 
test,  which  is  carried  out  by  inoonlating  three  lactose  bile  tulws  with 

'  Orekoff,  "Observatioiw  cliniques  but  I'eflct  du  laot.  agri.,"  etc.,  St.  Petersbun, 
1907. 

«  Weffele  Dcut.  med.  Wcxh.,  xxxiv,  1908. 

•  KhU,  ZentralM.  f.  inncro  Med.,  190S. 

*  North,  Med,  Record,  March,  1909. 
•Amcr.  Jour.  Pub.  Healtli,  1013,  ii,  34. 


EXAMINATION  FOR  BACTERIA  IN  OYSTERS 

1.0  C.C.,  0.1  c.c,  and  0.01  c.c,  respectively,  from  each  of  the  five  oysters. 
The  tubes  are  incubated  for  three  days,  and  the  developtnent  of  over 
10  per  cent  of  gas  in  the  closed  arm  is  considered  a  positive  reaction. 
The  score  is  recorded  as  the  approximate  number  of  colon  bacilli  con- 
tained in  the  5.55  c.c.  of  shell  li<juor  from  the  five  oysters,  and  is  esti- 
mated in  the  following  way :  A  positive  reaction  in  a  tube  inoculated 
in  1  c.c.  is  recorded  as  1.0,  a  positive  reaction  in  0.1  c.c.  is  10,  and 
in  0.01  is  recorded  as  100.  The  sum  of  these  figures  is  the  score  for 
the  batch  of  oysters  from  which  the  five  have  been  taken.  In  examin- 
ing shucked  oysters  a  well-mixed  sample  nf  oysters  and  the  surround- 
ing fluid  are  put  in  a  sterilized  vessel  and  lactose  bile  tubes  inoculated 
in  triplicate  with  1.0  c.c,  0.1  c.c.,  0.01  c.c,  0.001  e.c.  of  the  liquor. 
No  definite  standard  score  has  been  adopted,  but  the  United  States 
Pure  Food  Board  '  has  condemned  iinshucked  stock  having  a  score  of 
32  or  higher. 


BACTEKIA  m  THE   INDUSTKIES 

Bacteria  and  Tobacco. — In  the  manufacture  of  tobacco,  the  har- 
vested leaves  are  first  dried  and  then  heaped  up  in  large  masses,  in 
which  the  tobacco  undergoes  fermentation.  During  this  fermentation, 
which  goes  on  at  temperatures  vaiying  from  50°  C.  to  60°  C,  carbohy- 
drates are  split  up  and  much  nicotin  is  destroyed.^  The  end  products 
consist  largely  of  COn  and  various  organic  acids,  butyric,  formic, 
succinic,  etc.  During  the  fermentation,  bacteria  of  many  varieties  are 
found  in  the  heaps  of  tobacco  leaves  and  many  attempts  have  been 
made  to  determine  flavors  artificially  by  inoculating  tobacco  leaves  of 
a  poorer  quality  with  cultures  obtaiucd  from  the  finer  Havana  grades. 
Suehsland  *  and  others,  who  have  attempted  this,  claim  to  have  ob- 
tained marked  improvements  in  domestic  products  by  this  method. 
The  bacteria  found  in  tobacco  fermentation  belong  to  many  varieties. 
Some  of  these  are  closely  related  to  the  proteus  and  subtilis  groups. 
Others  are  distinctly  thermophilic,  an  attribute  required  by  the  high 
temperatures  attained  in  the  fermenting  tobacco  leaves.  It  is  probable 
that  the  tobacco  flavors  cannot  be  regulated  by  bacteriological  methods 
alone,  since  it  has  been  shown  by  Loew  •  that  an  important  factor  in  the 

'  Gorham,  V.  8,  Pure  Food,  Amer.  Jour.  Piab.  Health,  1913,  ii,  32. 

*  Behreni,  quoted  from  FlQgge,  "Die  MikroorKanismen,"  Bd.  1,  Lcipiig,  1896, 

*  Suchshnd,  Ber.  der  Dent,  botan.  Ges.,  ix. 

*  Loew,  Rep.  U.  S.  Dep.  Apriculturp,  59,  1899. 
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tobacco  fermentation  is  contributed  by  the  leaf-enzynies,  which,  of 
course,  dipcrni  intimately  upnu  soil  and  climatic  conditions. 

Opium  Productions. — In  the  preparation  of  opium  for  smoking  pur- 
poses, the  raw  product  is  subjected  to  a  prnlonped  period  of  fermenta- 
tion by  which  llie  carhciliydrates  in  the  material  are  destroyed.    Accord- 
ing to  various  observers,  the  process  is  carried  out  in  most  cases  by  a  ^| 
.species  of  asperpillus. 

Indigo  Production. — Indigo,  which  is  obtained  from  the  plants 
"Isatis  tinctoria"  and  "Indigofer  tinctoria,"  is  not  present,  as  such, 
in  the  plants.  In  some  of  these  it  is  found  in  the  form  of  indican,  in 
others,  as  indosyl.  It  has  been  shown  by  Alvarez  that  the  oxidation  of 
indican  and  indoxyl  into  indigo-blue  is  carried  out  largely  by  bacterial 
oxydases.  Sterilized  indigo  plants  do  not  pro<luce  the  blue  color.  Alva- 
rez '  lias  isolated  a  bacillus  closely  related  to  the  Bacillus  mucosiis 
capsulatus  group,  to  the  action  of  which  he  attributes  this  oxidation. 

Bacteria  in  the  Tanning  of  Hides. — Raw  animal  hides  are  subject 
to  decomposition  until  treated  by  a  process  known  as  tanning.  This 
consists  first  in  the  depilation  of  the  dried  and  salted  skins,  cither  by 
partial  putrefaction  in  an  atmosphere  saturated  with  water' vapor  or 
by  chemical  treatment  with  solutions  of  milk  of  lime.  After  this,  the 
tanning  proper  consists  in  subjecting  the  skins  to  prolonged  inuuerKiou 
in  solutions  made  up  according  to  a  large  variety  of  formula; — the 
principle  of  all  of  which,  however,  seems  to  be  foiuid  in  the  mixing  of 
various  organic  iiigredienta,  such  as  bran-mash,  oak-bark,  and  often 
dried  animal  excreta,  in  which  fermentation  and  acid  protluction  o<;- 
cur.  According  to  Haenlein,"  this  acidification  is  the  essential  by 
which  the  leather  is  sterilized  and  rendered  soft.  This  author  ha.<) 
described  the  Bacillus  eorticalis,  which  he  found  in  fir-tree  bark  and 
to  which  he  ascribes  the  acid  fermentation  of  tanning  liquors  in  which 
this  ingredient  is  employed.  Wood,'  who  has  worked  extensively  upon 
the  subject,  has  attempted  to  substitute  pure  cultures  for  the  did  un- 
certain chance  mixtures  employed.  In  spite  of  these  investigations, 
however,  while  we  must  acknowledge  the  probable  importance"  of  bac- 
teria in  the  tanning  process,  the  subject  is  by  no  means  on  a  scientifi(> 
or  exact  basis. 

•  Alvam,  Coraples  rend,  do  I'aoad.  dee  sci.,  vol 

•  Haenlein,  Cent.  f.  B.ikt.,  II,  i,  1895. 

•  Wood,  Jour.  8oc.  Cbem.  Industry,  1895,  1899. 


SECTION  VI 

PATHOGENIC    PROTOZOA 

Fbeoekick  F.  Russell,  M.D, 

INTRODUCTION 

In  the  practice  of  his  profession  the  physician  requires  a  knowl- 
eflpre  of  the  p!itlio<renie  proto/oa  fnnnd  in  man  and  the  doniestie  ani- 
mals and  of  tiicir  closely  rehited  nun-patlinj;cnic  forms.  Quite  coin- 
nionly  in  the  diiifinosis  (jf  fevers  it  is  neei'ssary  to  exntiiine  the  blood 
of  the  same  patient  for  both  malaria  and  bacteria,  therefore  a  work- 
inir  knowledfre  of  the  principal  pathoireiiie  protozoa  is  essential.  In 
this  work  it  will  be  possible  to  deaeribe  the  fortiis  only  of  medical 
interest,  and  the  reader  is  referred  to  other  works  for  further  infor- 
mation. 

The  protozoa  are  unieclhilar  animal  organisms  that  occur  sinjjly  or 
in  tcjiifiorary  colonies.  The  functions  of  the  animal  are  carried  out  by 
the  protoplasm  of  the  single  cell,  parts  of  which  may  be  differentiated 
for  speeial  purposes  and  are  then  called  orfranedte. 

CLASSIFICATION  OF  THE  PROTOZOA 

CLA.SS  I.  Sarcodina  (Rhizopofln). — The  body  is  naked  or  encased  and 
tlie  animal  moves  by  means  of  protruding  temporary  pi-oecsses  of 
the  body  called  pseudopods.  They  possess  one  or  many  nuclei 
and  reproduce  by  fission  or  nmitiplieation  in  a  cyst. 
Order  I.  Amehcp  {Lobosa) . — Naked  or  with  a  simple  shell,  the  pseu- 
dopia  are  lobose  or  tinker-shaped,  the  nucleus  is  usually  sin^rle  and 
there  is  sometimes  a  contractile  vacuole.    Example,  the  amebce. 

Class  II.  MASTioor-nouA  (Fhifjflhitn). — They  pnswess  flatrella  for 
locomotion  and  for  obtaining'  fdod;  tliey  may  be  naked  or  fur- 
nished with  a  membrane:  many  forms  i>osse.ss  nucleus,  contractile 
vacuole  and  a  small  proove  spoken  of  as  the  cytostome.  Ex- 
amples, the  trypanosomes  and  intestinal  flagellates. 
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Class  III.  Sporozoa. — They  live  parasitically  in  the  tissues  of  other 
animals,  ingesting  food  by  osmosis ;  they  have  no  cilia  in  the  adult 
stage  but  may  form  pseudopodia,  one  or  more  nuclei,  no  contractile 
vacuole,  reproduction  by  spores.  They  are  divided  into  two  sub- 
classes, telosporidia  and  neosporidia.  Examples,  gregarinida,  coc- 
cidiidea,  hemosporidia,  sarcosporidia,  etc. 

Class  IV.  Infusoria  (Ciliata). — The  body  is  generally  uniform  in 
shape,  with  cilia  and  contractile  vacuole,  and  usually  with  maoro- 
and  niicronucleus.    Examples,  Paramecium,  balantidium. 


CHAPTER   LV 
CLASS  I— SARCODINA   (RHIZOPODA) 

THE   AMEBM 

These  orfranisms  bt-Iong  to  the  order  Amehiiia  ( Ehrenberpr) .  They 
are  characterized  during  the  vejretative  stage  by  a  semiiiuid  consis- 
tence, permitting  rapid  changers  of  form,  ameboid  movements,  and 
progression  by  means  of  psendopods.  There  is  no  iiiternnl  skeleton  and 
the  protoplasm  is  naked  and  may  be  differentiated  into  endo-  and 
ectoplasm,  aad  in  some  cases  a  contractile  vacuole  is  present.  All 
forms  p<»8e8s  one  or  more  nuclei.  Multiplication  takes  p!aec  by  divi- 
sion into  two  or  more  daughter  cells.  Fertilization  takes  place  by  the 
conjugation  of  two  merozoites  and  possibly  by  autogamy. 

Since  some  flagellates  possess  an  ameboid  stage,  it  is  necessary  to 
know  most  of  the  life  cycle  of  au  organism  before  classifying  it  a.s  an 
ameba.  The  protoplasm  varies  greatly  in  its  eonsisteney,  depending 
on  the  species  as  well  as  the  stage  of  the  life  eyele,  and  the  environ- 
ment and  food  supply.  Most  amebfe,  including  all  the  parasitic  forms 
(endameba?),  possess  a  single  nucleus,  yet  Aiyieba  diploidea  and  Ameba 
biiiucliafa  always  have  two,  and  the  other  species  may  show  more. 
The  nucleus- of  all  types  possesses  a  karyosome.  The  nucleus  is  well 
developed  and  in  it  may  be  followed  either  a  simple  or  typical  mitosis. 
The  cytoplasm  is  usually  at  some  stage  divided  into  a  granular  endo- 
plasm  and  a  clear  or  hyaline  ectoplasm,  the  lattt-r  forming  the  psen- 
dopods by  which  the  animal  moves  from  place  to  place. 

Until  recent  years  all  ameboid  organisms  were  placed  in  the  genus 
Ameha.  but  Schaudinn  revived  a  genus  originated  by  Leidy  of  Phila- 
delphia, the  Endameba,  for  the  parasitic  species  which  have  many 
points  of  difference  from  the  free  living  varieties.  Of  the  free  living 
forms,  the  easiest  to  study  is  the  Ameba  protciis  (Pallas),  a  very  large 
organism,  200  microns  in  diameter,  found  frefpiently  in  stagnant 
water;  it,  however,  has  no  direct  importance  in  medicine.  Another 
group  of  free  living  ameba'  is  of  some  interest,  because  of  the  con- 
fusion they  have  caused  in  the  study  of  parasitic  ameba ;  they  are  the 
so-called  "limax  amelw,"  which  have  been  ciiltivated  on  agar,  and 
for  this  genus  Chatton  (1912)  has  proposed  the  name  Valilkampfia. 
They  are  small  organisms,  5  to  .'^0  microns  in  diameter,  provided  with 
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finperlike  or  spindiis  psiMuloimdia,  niid  chiiracterized  by  a  niK^lens  wTfn 
a  larpc  kiiryns'itiic  and  a  sitiglt!  iniclrateil  roHistancc  cyst  in  which  no 
niiiltipiication  occurs.  Tlicy  hiive  repeatedly  been  ciiltivatetl  from  hu- 
tnan  dysenteric  .stools,  from  tlic  air,  ami  afipan-nfly  from  liver  abscess 
pus.  It  has  been  shown,  beyond  doiiiit,  that  they  are  harmless  to  miin, 
and  that  they  pass  thronph  the  intestinal  tract  with  food  and  water 
in  the  cyst  form.  Wliiic  they  will  develop  in  eultnres  at  body  tempera- 
ture, a  better  growth  is  obt;iincd  at  the  temperature  of  the  room.    Since 
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Fio.  156. — Endamera  HisroLYTtCA.      Vc|?etative  form  showing  histolytica  type  of  i 
nucleus.     (Army  Medical  School  Collection,  Washington,  D.  C.) 

the  true  parasitic  amebie  have  never  been  cultivated  on  artiticial  media, 
the  Vahlkampfia  may  be  dismis.sed  with  the  statement  that  they  arc 
not  pathogenic. 

Leidy's  pciius  Endauieba  includes  all  parasitic  forms,  and  is  chnr- 
acterized,  among  other  things,  l>y  the  absence  of  a  contractile  vacuole, 
which  is  always  preisont  in  Ameba  and  Vahlkampfia.  It  was  proposed 
for  the  large  araeba  parasitic  in  the  eockronch,  Endameha  blatt<r,  and 
the  genus  is  a  natural  one  and  well  established.  The  species  of  impor- 
tance to  physicians  are  Eudamcba  histolytica,  Endameba  coli  and 
Endamcba  gingivalin. 


SvVRCODINA 


ENSAHEBA  HISTOLYTICA 

(Endavicha   idragcua    [VicrcckJ,    EiK^nwcha   afriranu    [IIartni;inii|, 

Endamcba  vip/jonica  IKoidziuni,  pro  parti' |,  Kndamcha 

tropicalis  [Lesage,  jtro  parte]) 

Aniebflp  as  a  caiisp  of  disease  were  first  described  by  Lamb!  of 
Prapue,  in  18Rfl,  who  found  tliern  present  in  tbe  stools  from  a  wi-e 
of  severe  diarrhea  in  a  child.  In  ISTO  Lewis  and  Cunninjiliani  found 
nnieba^  in  20  per  cent  of  the  st<iols  of  cholera  patients,  but  attached  no 
pathogenic  intportanee  to  them.  The  first  aeenrate  description  we  owe 
to  Loesch  of  Pctroyirad,  who  in  1875  studied  an  undoubted  case  of 


Fio.  157. — Endambba  histolytica.    VeRcf^tive  form,  simple  division.    Tctragcna 
type  of  Duclcua.    (X  1300.)    (Artay  Medical  Schuol  Collection,  VVashingtun,  D.C.) 

amebic  dysentery  with  relapses,  and  he  named  tlie  orpanism  Avieba 
coli.  lie  was  further  successfnl  in  reproducing  the  disease  in  a  dog, 
and  thus  began  its  e.xperiincntal  investigation.  Not  irnich  progress 
was  made  until  Kartulis  in  Eg\'pt  began,  in  188(>,  the  publication  of 
a  long  series  of  studies  whicli  has  continued  up  to  tlie  present  time, 
and  because  of  the  rich  clinical  and  pathologienl  nuderini  at  his  dis- 
posal his  work  has  been  of  the  greatest  value.  In  1S90  Osier  pidilishcd 
the  first  paper  in  America.  He  was  followed  by  !\hi.s.ser  am!  Stengel 
and,  in  1S91,  by  Dock,  and  Counciliuau  and  Lafleur.     The  work  of  the 
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last  two  authors  was  especially  complete  and  firmly  cstablislied  thf> 
entity  of  this  disease  in  America.  In  1902  Jiirgens  differentiated  the 
pathogenic  anieba  from  the  lianriless,  and  in  1903  the  epoch-making 
work  of  Schaudinn  appeared.  This  author,  who  was  a  zoologist  by 
training,  showed  clearly  that  there  were  two  forms  of  parasitic  ameba.> 
and  he  followed  out  most  of  the  details  in  their  life  history,  renaming 
them  Endameba  histolytica  and  Endameba  coli.  Schaudinn's  wnrk 
has  been  generally  confirmed,  in  this  country  by  Craig,  Whitniore, 
Walker,  Darling  and  others. 

CnHICAL   DTSENTEKY 

Dysentery  as  a  disease  has  been  known  from  the  earliest  times  and 
references  are  found  to  it  in  Sanscrit  and  Egj'ptian  literature  antl  in 
early  Greek  and  Roman  writings.  Until  recent  years  its  etiology  was 
obscure,  but  vve  now  recognize  two  .separate  forms,  bacillary  and 
amebic:  the  former  has  already  been  described  under  the  dysentery 
bacilli.  Amebic  dysentery  is  a  distinct  clinical  entity,  and  runs  a 
course  fpiite  different  from  the  bacillary  form.  It  begins  gradually, 
and  in  some  ca.ses  is  chronic  in  charai-ter  from  the  start.  Usually  there 
is  no  rise  in  temperature  nnr  any  great  chanvrc  in  weight  or  health 
until  the  disease  has  existed  sotrie  time.  The  bowel  movements  be<*ome 
gradually  more  frequent  and  the  fecal  matter  is  accompanied  by 
larger  and  lart:er  amounts  of  niuetis  and  blood.  As  the  disease  pro- 
gres.ses  and  more  and  mure  of  the  colon  is  involved  the  amount  of  birjod 
and  mucus  increa-ses  until  the  stool  contains  little  else.  The  colicky 
pains  increase  in  frequency  and  severity  and  there  is  added  tenesmus 
and  finally  nausea  and  vomiting.  The  patient  loses  flesh  and  strength 
and  when  the  stools  increase  to  20  and  HO  daily,  becomes  bed-ridden. 
The  abdomen  is  concave  and  tender  on  pressure,  especially  over  the 
colon.  The  course  of  the  disease,  if  untreated,  tends  to  progress  with 
periods  of  remission,  and  spontaneous  cure  probably  does  not  occur. 
Bacillary  dysentery,  it  will  be  reniembered.  is  a  disease  with  a  short  in- 
cubation period  and  an  acute  onset;  after  two  or  three  days' illness  the 
bacillary  case  is  confined  to  bed.  is  pale,  weak,  emaciated  and  presents 
every  evidence  of  profound  toxemia ;  an  amebic  case,  sick  the  same 
length  of  time,  will  be  up  and  about  and  perhaps  will  not  have  applioi] 
for  treatment. 

Complications. — A  common  and  most  dangerous  complication  is 
absc«"as  of  the  liver.    The  amebtp  travel  from  the  ulcers  in  the  colon  by 
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way  of  the  lymphatics  to  tiie  liver  !iiu!  Ihciv  sot  up  a  liqiiefyingr  ne- 
crosis of  the  parciichyiiia.  Thi'  li<|m'fio(l  portion  contains  a  reddish  or 
chocolate-colored  Huid,  which  is  not  pur.  in  the  ordinary  sense,  althoiisili 
it  may  become  a  piis-containiup  abscess  if  secondary  bacterial  infection 
occurs.  Liver  abscesses  may  be  sin.iile,  hut  are  ituieh  more  often  tniii- 
tiple,  and  at  times  the  whole  liver  may  be  riddled  with  lartte  and  small 
abscess  cavities;  both  ri<rht  anrj  left  lubes  may  be  involved.  If  siir- 
pical  interference  be  withheld,  the  abscess  increases  in  size,  approaches 
the  surface,  and  finally  ruptures  into  the  lung  through  the  diaphragm 
or  into  the  peritoneal  cavity. 

At  autopsy  the  lesions  are  found  in  the  colon,  principally  at  the 
sigmoid  flexure  and  in  the  cecum,  though  in  chronic  cases  the  whole 
colon  is  involved,  showing  ulcers  with  nndcnnincd  edges,  swollen  soli- 
tary follicles  and  a  hemorrhaL'ic-eafjtrrlial  infiamiiiatiun  of  the  mucous 
membrane.  The  ulcers,  readily  dilVerentiated  from  those  caused  by 
the  tubercle  bacillus,  are  of  all  sizes,  shallow  or  deep,  and  are  charac- 
terized by  irregular  margins  and  undennined  edges.  Fresh  smears 
made  at  autopsy  will  show  vegetative  ameba*.  In  chronic  cases,  the 
colon  is  a  mas.s  of  scars  and  ulcers  and  acutely  intlnnied,  swollen  and 
thickened  mucous  membrane  resting  on  a  liypertrophic<l  submucosa. 
The  severe  and  chronic  forms  of  the  disease  are  now  as  rare  as  they 
were  formerly  common  as  a  result  of  the  j>resent  specific  treatment 
with  emetin. 

Geographical  Distribution, — Although  amebic  dysenterj'  is  classed 
among  the  troj>ical  diseases,  it  is  by  no  means  eoutinci!  to  the  tropics. 
In  the  T'nited  Slates,  for  example,  it  is  endemic  as  fur  north  as  Balti- 
more and  Washington,  and  eases  are  not  very  infrerpient  in  the  north- 
ern tier  of  states;  hence  one  nnist  examine  the  stools  for  amebie  in 
dysenteric  cases  regardless  of  the  location  of  the  patient's  home. 

Diagnosis. — While  the  history  of  the  ca.se  may  suggest  amebic  infec- 
tion, the  diagnosis  can  only  be  made  with  certainty  by  microscopic 
examination  of  the  stool.  For  this  purpose  the  examination  should  be 
made  as  soon  after  the  stool  is  passed  as  possible;  and  in  this  disease 
it  is  usually  practicable  to  have  the  patient  come  to  the  hospital,  clinic 
or  office  and  pass  a  stool  there.  It  may  then  be  exauuned  imme- 
diately. If  this  is  impracticable,  the  .st(H)l  may  he  kept  warm  and  sent 
to  the  laboratory  in  a  small  glass  .jar  inside  a  tin  pail  partly  filled 
with  water  at  body  heat;  a  little  doth  or  absorbent  cotton  will  hold 
the  hot  water  and  prevent  splasliijtg  during  transit.  The  stool  will 
show  bloody  nuicous  inasscs.  anri   snudl  drops  of  thi.s  are  placed  on 
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slides,  covcrpd  with  a  plass  and  ringed  with  wann  vaseline  to  prevent 
evajxirHtidM.  The  i)repiirati<in.  to  be  of  value,  must  be  thiu,  and  tlic 
bloddy  mucus  may  be  diluted  with  .salt  soltition  if  neeessary.  Plxeept 
in  hot  weather,  the  slide  should  be  examined  on  a  warm  stajte,  or  the 
slide  may  be  warmed  by  plaeitii;  heated  eoins  on  it,  near  the  cover 
glass.  At  least  half  a  dozen  slides  should  be  examined  before  reportiii{; 
a  neirative  result. 

Stained  preparations  are  not  difficult  to  prepare,  although  the 
proeess  refpiires  some  time  and  care.  As  in  most  zoologiuil  work,  wet, 
rathfi*  than  dry,  fixation  is  used.  Thin  smears  are  made  on  eover 
glas.ses  or  slides  and  before  they  ean  dry  are  eovered  with  or  inimenwd 
in  Schaudiun's  tiuid.  This  is  a  mixture  of  two  parts  of  a  saturated 
solution  of  bichlorid  of  mercur>'  in  normal  salt  solution  and  one  part 
of  absolute  iilcoliol.  The  mereiirie  solution  is  pre|tared  by  adding  to 
boiling  normal  salt  solution  a  little  more  mercury  than  will  dissolv«: 
on  cooling,  some  of  the  bichlorid  crystallizes  out.  At  no  stage  of  the 
proees.s  nuist  the  preparation  become  dry  or  the  smear  is  worthless. 

1.  Fix  in  hot  (60°  C.)  Schaudinn's  fluid,  5  to  10  minutes. 

2.  Harden  in  70  per  cent  alcohol  10  to  30  minutes,  then  wash  in 
70  (icr  eent  jileultol  U)  which  a  few  dro])s  of  tincture  of  iodin  have  bt'cn 
iidded  until  it  is  distinctly  colored — 10  minutes;  store  in  70  or  80  per 
cent,  alfolml  until  ready  to  stain. 

3.  The  RiLsenbusch  hematoxylin  is  quite  satisfactory.  Transfer  the 
slides  to  diiitilled  water  and  change  several  times  until  they  are  free 
from  alcohol,  then  immerse  in  3.5  per  cent  iron-alum  solution  for  from 
half  an  hour  to  over  night. 

4.  Stain  in  the  following  solution,  after  rapid  washing  in  distilled 
water : 

(rt)  1  per  eent  hematoxylin  in  f)5  per  cent  alcoliol. 

(b)  Saturate<l  atpieous  solution  of  lithium  carbonate. 

Solution  (h)  is  atlded  to  solution  (n)  until  the  mixture  is  a 
cherry  red.  four  or  five  dro|)s  of  lithium  to  10  c.c.  of  hematoxylin 
is  sufficient. 

The  solution  is  either  pipetted  onto  the  slides  or  tlicy  arc  im- 
mersed in  it.     Sljiin  from  20  minutes  to  over  night. 

5.  Wash  thoroughly  in  distil leil  water. 

6.  Diflferentiate  with  a  weak  -iron-aliun  solution  (three  parts  of 
distilled  water  to  one  of  the  iron-alum  solution  is  satisfactory),  iintil 
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the  slide  under  the  niicroscnpe  shows  the  structure  of  the  nucleus;  the 
cxatiiination  is  inaile  in  water  under  &  fover  ^lass. 

7.  Wheu  the  differentiatiou  is  complete  the  slide  is  washed  in  dis- 
tilled water  and  passed  throufih  ■rrntled  alenhols,  80,  !),')  and  al)s()lute 
into  xylol  and  x.vlol-balsaui.    This  stain  is  penuauent. 

Ronianowski  stains  on  dried  smears  may  be  used,  but  are  not  so 
pood. 

In  fresh  specimens  Endameba  histolj'tica  presents  the  following 
appearance:  the  vegetative  forms  are  pale,  unstained  with  bile,  and 
are  seen  to  he  larjre  bodies,  20  to  30  niiomns  in  diameter,  eonsistinii  of 
endo-  and  ectoplasm,  and  often  showiuir  a  del  teal  e  nucleus  and  also 


Hff-i-arfaTafci 

Fig.  158.— Endambba  hibtolytica.    (Army  Medical  Sohool  CollecUoii, 
WashinRton,  D.  C.) 

many  inclusions  in  the  dif^estive  vacuoles,  principally  retl  blood  cells. 
Thf  orfiaiiisms  for  sevt-ral  hours  after  the  stool  is  passed  reitiiiin  ac- 
tively motile,  pushing  out  eli-ar,  filji-ss-like  pseudopods,  into  which  the 
granular  endoplasm  pours  as  the  aiiieba  progresses  across  the  field. 
Even  when  tliere  is  tio  imi'^'ression  the  pseudo|)ods  are  protrudnrl  or 
retraeted  first  in  one  then  in  another  directitm.  There  i.s  always,  dur- 
ing motion,  a  distinct  separation  of  the  clear  ectoplasm  from  the 
granular  endoplasm,  and  the  latter,  in  acute  eases  especially,  contains 
many  red  blood  cells,  occasional  exaenples  showing  as  many  as  twenty 
or  thirty.  The  presence  of  red  blood  cells  either  entire  or  partly  di- 
gested is  characteristic  of  Emlanicba  liistnlytica,  since  thcv  are  pres- 
ent in  Endameba  coli  in  only  rare  instances.  The  anieba  is  sometimes 
greenish,  and  it  is  supposed  that  this  color  is  due  to  hcmaglobin 
liberated  from  the  ingested  red  cells.     The  pseudopods  of  this  species 
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are  clear,  glassy  and  evidently  viscid  and  dense  and  have  given  it  iU 
name  "histolytica,"  since  Schaudinn  st(iti>s  that  he  saw  the  nnieba 
[(cnetrate  the  niiicons  membrane,  the  pscudopods  dissecting  apart  the 
epithelial  cells.  The  nucleus,  when  the  endoplHsin  is  packed  with  in- 
clusions, may  not  be  visible,  but  further  searcli  will  reveal  amebu» 
showing  a  nucleus.  It  is  vraicular,  with  a  delicate  limiting  membrane, 
and  as  it  is  hi^rhly  rcfrnctile.  may  appear  as  a  clear  bright  spot.  As 
the  sj)ecinien  grows  older  the  aniebse  lose  much  of  their  motility  and 
th<^  nucleus  may  become  clearly  visible,  revealing  small  chrouiatic  dots 
or  masses  adherent  to  its  inner  surface  and  a  small  central  karyosome. 


Fio.  159.  —  Endaheba  msTOLvncA. 
(Army  Med.  School  Collection,  Wash- 
ington, D.  C.) 


Fio.  160. — Endameba  histolytica 
(X  1130.)  lArmy  .Mf.1.  S<^^hool 
Collection,  WnshiiiKton,  D.  C.) 


The  cysts  are  round,  quite  small,  about  10  microns,  and  show  four 
small  ring-like  nuclei;  the  wall  is  distinct  and  often  double-contoured. 

The  tiiodle  ameba>  cannot  be  confused  with  nnythini;  else,  but  when 
in  the  resting  stage  they  have  bei-n  mistaken  for  swollen  and  e<lemati)U8 
epithelial  cells.  A  little  attention  to  the  nucleus  will  prevent  this 
error,  since  the  tissue-cell  nucleus  is  large,  distinct,  and  entirely  dif- 
ferent from  the  nucleus  of  an  aineba. 

In  specimens  stained  with  hematoxylin  the  finer  details,  especially 
in  the  nucleus,  may  be  studied,  but  stained  preparations  are  never  nec- 
essary for  clinical  diagnosis.  In  smears  from  fresh  cases  vegetative 
forms  only  are  found,  later  many  degenerative  forms  appear  and  dur- 
ing convalescence  only  cysts  may  be  seen.    In  stained  spocimrna  there 
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is  rarely  any  separatitm  of  eoto])la.siii  juid  eiiiii>i>)ti.sm,  Intt  the  uiifleiis 
is  always  visiblu.  The  cytoiilasin  is  •ri-juiukir  iuul  has  a  coarsi?  honi'y- 
conibed  appearance.  The  nucleus  shows  a  distinct,  though  delicate, 
limiting  membrane,  on  the  inner  surface  of  which  are  few  or  many 
chromatin  dots.  In  the  center  is  a  small  karyosonie,  which  may  show 
a  central  body  or  ceutriolc.  The  outer  zone  of  the  nucleus  has  a  honey- 
comb structure,  in  which  arc  imbedded  vrranules  of  chromntin. 

Multiplication  in  the  vcjrctative  stajze  is  by  division  into  two  daugh- 
ter cells,  and  dividing  cells  are  common  after  the  disease  has  existed 
for  some  time  anti  the  anieba-  are  preparine  to  encyst.  At  such  times, 
due  probably  to  raj)id  division,  the  aiiicbic  arc  small  and  the  nucleus 
shows  various  stages  of  a  simple  mitosis;  at  the  poles  of  the  delicate 
spindle  may  be  seen  the  two  new  ccntriolcs;  this  may  be  di'tcctcd  even 
in  unstained  specitiicns. 

Degenerative  Forms, — These  are  extremely  common  in  stale  stools, 
in  cases  during  convalescence,  or  under  active  treatuient,  and  also  in 
experimental  dysentery  in  the  cat.  and  they  have  led  to  much  c»m- 
fusiou  in  the  past.  The  nucleus  breaks  up  into  fragments  and  chro- 
matin masses  are  extruded  into  the  cytoplasm  in  irregular  forms,  and 
parts  of  the  cells  are  apparently  budded  off.  At  one  time  the  budding 
process  was  looked  upon  as  normal  by  Schaudinn  and  his  followers, 
but  there  is  now  little  doubt  that  both  spore.s  and  buds  are  degenera- 
tive changes  and  that  the  jtiituial  multiplies  <ndy  by  binary  tission  in 
the  vegetative  forms  or  by  the  development  of  four  nuclei  in  the  cysts. 

Cyst  Formation. — The  cyst  of  Endamcba  histolytica  was  first  de- 
scribed by  Viereck  as  Euthimclxi  tflnignm,  and  for  a  time  was  believed 
to  be  a  new  species.  In  fact.  Hartmann  described  a  vegetative  stage 
of  Endameba  tetragena  as  Euflaineha  nfricanu,  afterwards  accepting 
the  name  "tetragena,"  but  it  is  now  apparent  that  tetragena  is  merely 
the  end,  or  cyst  stage,  of  Endamcba  histolytica,  which  had  formerly 
been  overlooked.  Cysts  are  not  easily  found  in  all  eases,  and  it  is 
possible  that  when  treatment  is  vigorous  they  never  develop.  They 
are,  without  doubt,  the  form  in  which  the  parasite  leaves  the  body  to 
infect  new  victims;  because  of  their  heavy  cyst  wall  they  are  fpute  re- 
sistant to  drying  and  other  harmful  intiuencea.  It  is  also  possible  that 
they  may  be  retained  in  the  wall  of  the  colon  and  so  be  the  starting- 
point  of  the  relapse,  which  is  so  characteristic  a  feature  of  amebic 
dysentery'.  The  protoplasm  of  the  cyst  and  the  precystic  stage  is 
granular,  but  shows  no  vacuoles  nor  cell  inclusions.  The  nucleus  un- 
dergoes <livisicii)  by  mitosis  first  into  tM-o,  and  then  four  small  ring-like 
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iMiflei.  aiirl  the  prespuce  of  these  r<nir  nnolfatt-d  oysts  is  pathognomonic^ 
of  the  (.iisi'USf.    They  may  be  fmind  iridst  aliiiiidiintly.  not  in  tlie  small 
amount  of  imicus  which  may  adhere  to  the  formed  fei>e%  but  in  surface 

scrapings  from  the  fc- 
'^  "~"^  ^      eal  mass.     In  addition 

to  the  four  small  ring- 
like  nuclei,  the  cysts 
contain  few  or  many 
clumps  of  chrortiatin: 
these  in  total  mass  may 
be  many  times  greater 
than  the  nucleus,  and 
it  is  impossible,  there- 
fore, that  they  are 
simply  extruded  from 
the  nucleus;  evidently, 
the  chromatin  Kraitis, 
while  in  the  <rytoi)laHm, 
increase  in  size  and 
number.  In  hematoxj'- 
lin  stains  no  structure 
in  these  masses  is  dis- 
cernible and  their  func- 
tion is  unknown;  after 
a  time  they  disappear 
and  one  finds  cysts  (|uite  free  of  them.  The  presence,  however,  of 
many  large  chromatin  nms.ses  in  the  cysts  is  characteristic  of  Enda- 
mcba  histolytica. 

Fertilization  inside  the  cyst  has  not  been  demonstrated,  but  it  is 
passible  that  the  four  young  aniebiv,  liberated  from  the  cyst  when  in- 
gested by  a  new  host,  are  garnets,  and  that  conjugation  takes  plac* 
between  them,  as  in  the  ease  with  Endameba  blattie. 

The  treatment  of  amebic  dysentery,  to  be  etTective,  must  be  radical 
and  pereistent,  and  may  be  compared  to  the  treatment  of  malaria  with 
quinine.  For  many  years  the  Knglish  in  India,  with  a  few  followers 
in  other  parts  of  the  wurld,  hail  treated  dysentery  with  ipecac  in  mas- 
sive doses,  with  wonderful  results  in  some  cases  and  failure  in  others. 
The  treatment  was  quite  disagreeable  and  not  entirely  satisfactory. 
Vedder,  in  1911,  examined  the  various  alkaloids  of  ipecac  and  formd 
that  emetin  was  strongly  amebacidal,  and  he  recommended  its  use  for 
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this  disease.  Rogers,  in  India,  following  out  this  sugitrpstioii,  soon  re- 
ported excellent  results,  and  the  drug  is  now  aceeidcd  as  a  specific. 
It  is  administered  hypoderinicall.v  in  ^-grain  doses  three  times  a  day 
at  fii-st,  then  twice  and  later  once  daily  until  a  total  r»f  ten  grains  has 
been  administered  (Vedder).  In  ailditinn,  the  patient  is  put  to  bed 
and  placed  on  a  milk  diet.  During  eouvalescenee  large  doses  of  bis- 
muth sitbnitratc,  a  henping  (en spoonful  suspendi'd  in  water  or  milk, 
may  be  given  (Decks).  Helapses  may  be  prevented  by  occasional 
examination  of  the  stools  for  cysts  aud  a  course  of  cmetin  if  they  are 


Fio.  162. — Enl>a.mi.»a  <ou. 


Tyiiicu!  iiui-lfus.     (Army  Med.  School  Collculiiin, 
WiiahinKton,  D.  C.) 


found.  As  a  result  of  the  emetin  treatment  and  e.xact  diagnosis  the 
clinical  picture  of  amebic  dysenterj-  has  cotnpletely  changed,  and  we 
no  longer  see  the  weak  and  emaciated  dysenteries  who  formerly 
crowded  the  wards  of  tropical  hospitals. 

Prevention. — One  significant  fact  appears  in  the  epidemiology  of 
the  disease — it  always  occurs  sporadically  and  never  in  explosive  epi- 
demics such  as  we  see  in  water-borne  diseases,  like  typhoid  ami  chol- 
era ;  house  epidemics  are,  on  tlic  contrary,  not  iiucommon.     This  fact 
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points  to  the  importance  of  contnct,  and  perhaps  flies,  as  the  Hii 
agents  in  its  spread.  Extreme  eleunliness  ainonp  the  servants  and 
the  kitchen  will  prevent  the  transfer  of  histolytica  cysts  from  the  ill 
to  the  well.  The  disease  has  disappeared  from  the  Panama  Canal 
Zone,  where  it  formerly  was  common,  since  the  introduction  of  good 
water  and  sewer  systems  and  better  hygienic  conditions. 
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ENDAMEBA  COLI  (Loesch  emend.  Schaadinn) 

(Endameba  nipponica  [Koidziuiii,  pro  parte]  and  possibly 
Endamrha  minuta  ( Elniassian] ) 

This  is  a  harmless  parasite  of  man,  and  its  presence  in  stools,  at 
one  time,  gave  rise  to  much  confusion,  and  in  the  minds  of  many. 

threw  doubt  upon  the  ex- 
istence of  a  form  of  dys- 
entery due  to  ameba,  since 
it  was  found  not  infre- 
quently in  healthy  individ- 
uals. Sehaudinu  found  it 
present  in  the  stools  of 
fifty  per  cent  of  the  per- 
sons e.xainined  in  East 
Prussia,  in  Berlin  in 
twenty  per  cent,  and  in 
Istria  in  sixty  per  cent. 
Craig,  and  Craig  and  Ash- 
bum  found  it  present  in 
176,  or  fifty -eight  per  cent, 
of  307  examinations  of 
healthy  American  soldiers. 
Craig  was  able  to  follow 
some  individuals  for  four 
to  six  years,  during  which 
time  they  constantly 
showed  Endameba  coli  in  the  feces,  yet  never  developed  dywntery. 
The  organi.sm  seems  to  be  fouinl  in  all  countries,  repardleas  of  cliTiiate. 
Its  reciitrnitiou  and  separation  from  histolytica  we  owe  to  Schaudiun. 
Jiirpens.  Craig  and  others. 

In  sis'e  it  varies  from  ten  to  forty  microns,  the  average  being  be- 
tween twenty  and  forty.  The  ectoplasm  is  never  seen  except  during 
movement,  and  it  is  then  hyaline,  and  only  slightly  refractile,  and 


Fio.  153. — EwDAMEBA  COLI.  Small  precystic 
form.  (.\miy  Metl.  School  CoUectiun,  \Va«h- 
ingt^in,  D.  C.) 
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much  more  flnid  than  iu  histolytica.  The  digestive  vacuoles  rarely 
contain  red  blood  cells,  but  are  filled  with  eocei  and  bacilli,  a  form  of 
food  rarely  seen  in  histolytica.  In  ijrfueral,  the  vacuoles  are  larger 
and  more  nmiterous  in  eoli  than  in  histolytica,  and  the  motility  is 
feebler.  In  frr'.sh  specimen.s  the  ihicIi-uh  is  ratlier  ea.sier  to  find  than 
in  histolytica,  and  is  distinctly  outlined  by  a  heavy,  double-contoured 
membrane.  The  nucleus,  as  in  all  aineba,  is  vesicular,  and  shows  a 
small  karyosome  and  dots  of  ehromatin  on  the  nuclear  membrane  and 
imbedded  in  the  nuclear  network. 


FiQ.  Ifi4. — ^Endambba  ooli  Cyst.     (Army  Med.  School  Collection, 
Washington,  D.  C.) 

Multiplication  in  the  vegetative  stage  is  by  binarj'  fission  of  the 
nucleus  and  the  cytoplasm,  resulting  in  two  daughter  cells,  or  the 
nucleus  may  continue  to  divide  into  four  or  eight  daughter  nuclei 
before  the  cytoplasmic  division  begins,  producing,  in  the  end,  two, 
four,  or  eight  daughter  cells. 

Cyst  Formation. — This  is  characteristic  of  the  species,  and  it  fur- 
nished one  of  the  jirineipal  reastms  for  Rcliaudinn's  separation  of  coli 
and  histolytica.     Before  encysting  the  animal  frees  itself  of  all  in- 
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elusions  and  becomes  elear,  transparent,  and  assumes  a  spherical  form, 
and  si'erc'tfs  a  cyst  wall.  The  nucleus  divides  first  into  two,  then  four, 
and  finally  ei^ht  daughter  nuclei;  there  is  usually  a  large  vacuole 
found  in  the  cyst  durins  this  division,  but  its  function  is  uncertain. 
Schaudiiin  described  a  complicated  autopamy  in  the  cyst,  yet  later 
researches  by  Hartmann  and  Whitmore  show  nothing  more  than  re- 
peated binary  division  of  the  nueleus.  The  normal  number  of  nuclei 
in  a  culi  cyst  is  eiyht,  yet  occasionally  cysts  are  seen  in  which  division 
has  gone  on  until  there  are  as  many  as  sixteen. 

Cats  or  ImtiKin  beingis  may  be  parasitized  bj'  feedincf  material  con- 
taining coli  cysts,  and  in  nature,  as  the  cysts  are  the  resistant  forms  of 
the  parasite,  the  infection  is  probably  transmitted  from  one  host  tn 

another  by  means  of  them.  No  disease, 
however,  results,  though  the  amebje  con- 
tinue to  be  present  in  the  stools  for  years. 
It  is  possible  that  fertilization  takes  place 
between  the  younp  amebip  (fjamctcs?), 
which  are  liberated  when  the  cyst  di.ssolvi-s 
in  a  new  host,  as  is  the  case  with  Enda- 
meba  blatta*. 


FiQ.  163. — Endameba  coli. 
Cyst.  showinK  eight  nu- 
clei. (Arch,  fiir  Profistcn- 
kundc,  1912,  xxiv.) 


EITOAMEBA  GINGIVALIS 
(Ores  1849,  emend,  von  Frowazek  1904) 


This  ameba  is  found  in  the  human 
mouth  both  in  health  and  disease.  It  has 
been  described  at  different  timi-s  uniler 
various  names  (bucc^ih'it,  dniialis)  by  Oros,  Steinberg,  von  Prowazek. 
Lewald,  Smith  and  Barrett,  Chiavaro  and  Craip,  and  quite  recently 
has  bwn  sufffjested  as  the  cause  of  pyorrhea  alveolaris  by  Smith  and 
Harrctt  and  Bass  and  Johns.  It  is  widely  distributed,  and  has  Ihh'u 
reported  from  all  <iuarters  of  the  world. 

The  organism  is  easily  found  in  the  tartar  at  the  base  of  the  teeth, 
in  cavities  in  the  teeth,  and  even  at  the  pum  margin  in  healthy  mouths. 
It  varies  in  size  from  seven  to  thirty-five  microns,  averaging  between 
twelve  and  twenty  (Craig).  Motility  is  well  marked,  though  it  is  not 
so  active  an  organism  as  histolytica,  the  pseudopuds.  mostly  short  and 
blunt,  being  formed  of  the  clear,  slightly  refractile  ectoplasm.  The 
endoplastii  is  granular,  contains  the  nucleus  and  many  food  vacuoles 
containing  nuclei  of  leucocytes  and  granular  matter,  and  rarvly  a  few 
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pd  blood  cells.  The  miclens  is  small,  nrul  in  fresh  specimens  is  usually 
invisil)le. 

Bt'f<»re  encystinfi  the  parasites  are  umeh  reduced  in  size,  and  the 
cytfiplasiii  frees  itself  frutii  iiil  iuuliisiuDs  and  becoiiies  clear,  spherical 
and  itiiniohile.  The  cysts  are  small,  eight  to  ten  microns,  circular  and 
definitely  outlined,  sometimes  witli  a  double  eontnur,  and  in  stained 
specimens  the  nucleus  is  always  visible.  It  is  small,  averaj^rinK  imly 
three  microns  (Craig),  niaking  it  smaller  than  in  histolytica  and  coli. 
The  limitiujj  membrane,  while  not  heavy,  is  distinct,  and  encloses  a 
nnclear  body  having  very  little  chromatin  otln^r  than  the  .small  cen- 
trally located  karyosome.  JIultiplication  occurs  only  in  the  ve^'ctativo 
state  and  by  binary  fission. 

Cyst  Formation. — Cysts  are  rarely  observed,  and  then  in  small  num- 
bers; the  cj'st  wall  is  not  heavy,  but  nuiy  show  a  double  contour;  tht; 
protoplasm  is  clear,  free  from  all  inclusions  and  vacuoles  and  shows  a 
single  small  nucleus,  but  without  any  sign.s  of  mnltifilication.  It  is 
apparent,  therefore,  that  the  cyst  is  a  protective  stage  and  has  nothing 
to  do  with  re])roducticm,  which  occurs  in  the  vegetative  state  only.  In 
this  respect  it  resembles  the  Vahlkampfia. 

Although  the  organi.sm  is  almost  constantly  present  in  pyorrhea 
alveolaris  it  is  also  found  in  healthy  mouths,  and  in  the  absence  of  all 
experimental  proof,  it  is  doubtful  if  the  organism  is  of  pathological 
importance.  Emetin  has  a  decided  effect  upon  many  cases  of  pyorrhea 
alveolaris,  and  under  that  treatment  alone  the  disease  may  disappear; 
the  nature  of  its  therapeutic  action  is  not  yet  clear,  and  does  not  neces- 
sarily indicate  any  etiological  relationship. 
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ORDER  I— POLYMASTIOINA  (Blochmann) 

These  are  flapellate*,  posscssinir  three  to  eight  Hagella. 

Oenis  1.  —  Trichomonas  ( I)(»nne,  1837).  —  These  have  pyrofor 

(pear-.shaped)  bodie.s,  nuiiKted  in  front  and  tapering  to  a  point  behind. 

provided  with  three  long  flagella,  often  matted  together  at  the  anterior 

end.    An  internal  supporting  strueture.  known  as  the  axial  filament  or 

axostyle,  is  present.  There  is  an  undulat- 
inj;  im'mbrane  bordered  by  a  trailing 
flagellmn  tliHl  begins  anteriorly  and  ruiuj 
oMiqiit'ly  bfU'k wards. 

Trichomonas  vaginalis  (Donni). — The 
organism  is  fifteen  to  twenty-five  miorona 
long  antl  seven  to  twelve  wide;  it  is  pro- 
vided with  three  flageila  and  an  undulat- 
ing membrane.  It  is  found  in  the  vaginal 
secretion  only  when  it  is  acid,  and  in  three 
instances  it  has  been  transmitted  to  the 
male. 

Trichomonas  intestinalis  (R.  Leuekard, 
1879). — This  parasite  is  practically  indis- 
tingnishablo  from  Trichomonas  vnijinalis. 
It  occui-s  in  the  small  intestine  and  appears 
in  the  stools  during  diarrheal  attacks,  but 
is  probably  non-patiiogenic.  It  is  readily 
found  in  the  intestine  and  colon  of  mice  and 
guinea-pigs.  In  fresh  specimens  (protected 
with  a  cover  glass  and  vaseline)  it  is  ac- 
tively motile,  but  the  undulating  membrane  is  difficult  to  detect  until 
tJie  movement  has  slowed  down. 
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The  presence  of  cystic  forms  has  been  questioned,  and  two  quite 
different  forms  have  been  i-allod  resistance  or  dimer  cysts.  Tin?  eDrlier 
one,  described  by  Ucke  ^lilOSj,  Bofuie  and  von  I'rowazek  (1908),  and 
Benson  (1910),  is  a  fairly  large  body,  showing  a  double  contoiir  and  a 
central  homogeneous  mass,  perliajis  food  material,  and  an  outer  ring- 
like body  containing  two  or  iimre  iniclei.  Crumpt  and  AlexiefY  believe 
this  form  to  be  a  fungus,  having  no  relation  to  the  triehomonad.  and 
have  called  it  "Blastocystis  hoiiiinis."  jjyncli  '  agrees  with  these  au- 
thors, and  describes  an  altogether  ditVerent  body  as  tbe  resistant  form. 
It  is  six  by  eight  microns  in  size  and  perfectly  symmetrieal  in  shape. 
The  wall  is  distinct,  and  there  is  a  clear  space  between  it  and  the  body 
of  the  parasite.  The  nucleus,  undulating  membrane  and  Uagella  re- 
main visible  in  the  cyst,  but  Lynch  was  unable  to  detect  any  change 
ill  the  parasite  indiealing  inlraeyslic  imiltipliejition. 

Infection  takes  place  probably  by  contact,  and.  as  in  typhoid  fever, 
food,  fingers  and  flies  carry  the  resistant  forms  from  one  individual  to 
another.  Among  the  natives  of  tropical  countries  infection  is  altnost 
universfd,  but  the  parasites  are  rarely  seen  in  the  large  cities  of  the 
North. 

(Jknts  2. — Tetramitis  mesnili  (^Venyf^n,  1910). — Marrostnnia  jnc.i- 
nili,  Chilomastix  nicsiiili,  Fanaptn)en  iiitistinalis.  This  organism,  first 
described  by  Wenyon,  from  a  native  of  the  Bahamas,  dilfers  from  tri- 
chomonas by  the  possession  of  a  deef)  groove 
or  cystotortie,  in  which  is  found  the  undulat- 
ing membrane.  It  is  present  in  diarrlieal  dis- 
charges, but  its  pathogenicity  is  doubtful. 


Fio.  167. — Lambua  TOTESTiNAUB.    C>-if  formation.    (After  Doflcin,  "Lehrbuch  der 

Protoioeiikundt'.") 

Gknus  3. — lamblia  intestiaalis   (Lambl,  1859). — The  lambia  are 
peculiar,   bilaterally    symmetrical,   pear-shaped    organisms,    provided 

'  Lffnch,  Keniteth  M,,  Jour.  Paraaitol.,  Urbaaa,  1916,  iii,  28. 
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with  a  sucking  disk  anteriorly.  There  are  eight  pairs  of  flagella,  the 
two  posterior  ones  being  foiitioitations  of  Inngitiulinal  axostylea.  Thu 
niu'leus  is  first  dunib-bell  shaped  and  later  divided  into  two  separate 
nuclei.  Cysts  are  found,  and  according  to  Schaudinn  conjugation 
uceurs  in  them  with  the  developnient  of  four  nuclei.  The  young  para- 
sites attach  themselves  to  the  surface  of  epithelial  cells  of  the  small 
intestine  l)y  the  sucking  disk,  but  even  when  present  in  large  numbers 
do  not  produce  any  characteristic  symptoms.  The  same  or  like  para- 
sites are  present  in  mice,  rats,  dogs,  cats,  and  sheep.  Transmission  is 
by  contact,  as  in  trichouionad  infections. 


ORDER  II— PROTOMONADINA 


4 


The  Prototnonadiiia,  another  order  of  the  Flagellata,  have  less  than 
three  flagella,  and  are  divided  into  the  Cercomonadida,  Bodonidft  and 
the  Trypanusoniidre. 

Genms  1. — Cercomonadidse — Cercomonas  hominis  >  Davaine,  1854). 
— As  originally  described,  this  organism  has  a  pear-shaped  body. 
drawn  out  to  a  point  posteriorly,  is  armed  with  a  single  flagi-lliim  in 
front,  and  has  no  ntidulatiug  membrane.  It  is  a  doubtful  species  and 
of  no  present  importance. 

Gents  2. — Bodonidse  —  Prowazekia  (TInrtmann  and  Chagas). — 
These  organisms,  the  only  examples  itf  the  Ui>doi\idiv  of  nicdieal  inter- 
est, are  of  some  importance,  since  they  have  been  cultivate<l  from  hu- 
man feces  on  agar  plates.  The  genus  was  founded  for  Prowazekia 
cruzi,  a  species  discovered  in  human  feces  in  Brazil.  Other  species  are 
urinaria,  asiatica,  parva,  weivbcrgi  and  javaiiensis.  There  are  two 
flagella.  arranged  in  tlie  heteromastigote  manner,  that  is,  one  flasellum 
projects  forward  and  one  trails  behind.  There  is  no  undulating  mem- 
brane, but  in  stained  specimens  a  second  nucleus  is  seen,  the  kineto- 
nucleus  or  blephnroplast.  They  are  also  found  in  water,  and  nr>- 
probably  not  the  cnu.sc  of  any  disease. 

Oenvs  3. — Trypanosomidse. — IHslory  of  the  genus. — In  1841  Val- 
entine discovered  the  first  hemoflagellate  in  the  blood  of  a  trout,  and 
the  following  year  Gruby  described  a  flagellate  in  frog's  blood  and 
named  it  a  "trj'panosome."  It  was  not  until  1878  that  Lewis  discov- 
ered the  rat  tn'panosome,  Trypanosoma  Inii.ti.  The  first  pathogenic 
member  of  the  genus  was  noted  by  Evans  in  1889  in  the  blood  of  In- 
dian horses  sick  with  surra,  Trypanosoma  evansi.  Bnice  in  1894  de- 
scribed the  trj'panosome  of  Nagana,  a  horse  disease  of  Zululand,  and 
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also  deiiinnstrated  its  transinissinn  liy  the  tsetse  fly,  Trijpfinoanmn 
bnicd.  In  18!)4  to  ISOR,  lictiiyrcl.  St/luK-iiliT  ami  Biifl'crd  I'oiiiul  the 
trj'panosoine  of  Dourine,  or  "raal  de  coit,"  among  Algerian  horses. 
Eliuassian  described,  in  IftOl.  the  Soutli  American  horse  disease,  "mal 
de  caderas,"  and  discovered  the  parasite,  Tnjimnosoma  equinxim. 
Since  this  time  a  large  number  of  new  species  have  been  discovered,  the 
more  important  of  which  will  be  described. 

MorpliiAoijij. — The  morphology  of  the  trypanosomes,  while  subject 
to  many  variations  in  detail,  is  still  uniform  as  to  the  characteristics 
of  the  genus,  so  that  there  is  little  difficulty  in  immediately  recognizing 
the  parasite.  The  body  i.s  long  and  sinuous,  tapering  anteriorly  to  a 
fine  point  called  the  flagellum ;  the  posterior  end  is  never  so  delicate 
and  is  often  quite  blunt.  All  contain  two  nuclei,  the  larger  being  called 
the  trophonueleus  and  the  smaller  the  kiuetonuelens.  The  troplionn- 
clens  is  usually  located  midway  in  the  length  of  the  body,  and  the 
kiiietonuHeus  behind  it,  often  at  the  posterior  extremity.  The  Hairel- 
luiii  arises  from  a  centriole  (blepharoplast),  which  is  located  close  to 
or  in  the  kinetonucleus,  and  quickly  reaches  the  surface  of  the  body, 
when  it  turns  forward  and  forms  the  border  of  the  undulating  mem- 
brane, a  thin  fold  of  periblast  running  the  entire  length  of  the  body, 
and  is  often  continued  further  forward  as  delicate  filament.  During 
life  the  undulating  membrane  has  a  constant  wnve-Hke  motion. 

Transmi.ssion  from  one  animal  to  another  is  usually  by  means  of 
some  blood-sucking  invertebrate.  Two  possible  forms  of  transmission 
have  been  recognized,  the  direct  and  indirect  or  eyelieal ;  the  direct 
form  is  used  in  the  laboratory  when  transferring  blood  with  a  hypo- 
dermic syringe  from  an  infected  animal  to  a  healthy  one,  and  it  also 
occurs  in  nature,  although  not  so  frequently  as  the  second.  Dourine, 
or  mal  de  coit,  is  the  best  example  of  the  natural  direct  method.  The 
cyclical  method  is  exemplified  in  the  transmission  of  Trypanosoma 
Icwisi  by  the  rat  flea,  CeraUtphtjlhtx  fusriatus,  in  which  insect  the  tryp- 
anosome  pa.sses  through  a  complicated  life  cycle.  WlietluT  the  piirn- 
site  in  the  insect  ever  passes  from  parent  to  offspring  is  still  donbtfiM. 
Among  fishe.s,  reptiles  and  amphibians  the  parasites  are  carrtt'd  by 
leeches,  in  whose  intestinal  tract  they  undergo  a  cycle  of  develojimcnt. 

Just  as  in  malaria,  there  is  usually  an  alternation  of  hosts,  from 
invertebrate  to  vertebrate,  a  part  of  the  life  cycle  bein^  passed  in  each. 
In  the  blood  of  the  vertebrate  is  found  the  fully  developed  trypano- 
some,  and  in  the  intestinal  tract  of  the  invertebrate,  crithidial  and 
trj'panomonad  types,  which  are  characterized  by  having  the  kineto- 
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nucleus  placed  in  front  ol'  or  close  beside  the  trophonuclens  and  by 
having  a  rudimentary  inidulatiuy  membrane. 

Cullivatioii. — In  1903,  Novy  and  MacXeal '  first  obtained  pure  cul- 
tures of  trypauosomes  on  artificial  media.  The  medium  devised  by 
them  is  prepared  by  eijual  parts  of  nutrient  agar  and  defibrinated  rab- 
bit blood.  After  the  apar  has  been  melted  and  cooled  to  about  50°  C. 
an  eqnal  quantity  of  rabbit  blood  is  added,  mixed  and  allowed  to  cool. 
"The  tubes  thus  prepared  are  allowed  to  set  in  an  inclined  position, 
after  which  they  are  at  once  inoculated.  It  is  essential  that  the  sur- 
face of  the  medium  be  moist  and  soft,  and  if  this  is  not  the  case,  the 
tubes  should  be  placed  in  an  upriirht  position  until  some  water  of 
coDtlensation  accumulates  at  the  bottom.  The  initial  culture  usually 
requires  a  week  or  more,  although  not  infrequently  fairly  rich  growths 
may  be  obtained  in  three  or  four  days"  (Novy). 

TrypanoBoma  rotatorium.  —  Cruby  described  and  named  this 
hemotiagellate    in    1843,   and   it    is,   therefore,    the   type   species  of 

d^^       the  genus.     The  organism 
^^  ^^       ^^^     is  widely  distributed 

^^^  ^^^  H^ft;    throughout  the  world,  and 

^^^K  ^BG^W^^    ^  found  in  Rana  esrulenta. 

^^^^k  ^^^  ^^B  Rana  temporaria  and  TIijl/i 

^^^^L     /         ^^^  arborea:    the    organisms 

^^vB^v  ^^^^  are,  however,  not  very  nu- 

Hk  ^^^^  merous  in  any  single  frog. 

■9  ^^^B  It  is  most  often  found  dur- 

L'  ing  the  spring  and  summer 

months,  rarely  in  winter. 
Morphology.  —  Both 
body  and  undulating  mem- 
brane are  broad,  the  cyto- 
plasm is  granular,  and  to- 
ward the  .straight  side 
shows  striiP,  probably  indicating  the  presence  of  myonemes.  The  tro- 
pboniiclcus  is  lariie,  lies  near  the  middle  of  the  body  and  near  the 
undulating  membrane;  the  kinetonucleus  is  smaller,  lies  posteriorly 
and  stains  deeply;  the  (lagellun)  which  originates  near  the  kinetonu- 
cleus turns  forward,  forming  the  border  of  the  undulating  membrane. 


• 


Fio.  168. — Trypanosoma  rotatorium  in  Blood 
or Fro«.  (A/terMaoNcal, " I'litliogonic  Micro- 
orRiinisms,"  published  by  P.  Blakiston's  Sons 
&  Co.) 
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and  is  continued  forward  as  a  sliort  flagellum.  Tlie  posterior  end  is 
usually  drawn  out  to  a  sttihhy  point.  The  fully  developed  organism 
is  large,  being  40  to  80  microns  long  by  5  to  40  wide.  One  striking 
thing  about  this  parasite  is  its  tendency  to  pleomorpdisni. 

Multipliealiiin  in  the  blood  stream  of  tbe  froi;  is  by  binarj-  fission; 
in  addition,  a  form  of  multiple  division  occurs  in  tlie  viscera,  preceded, 
aeeordins  fo  Maehado,  by  coriju'ratiou  of  sexually  differentiated  forms. 
The  nicrozdites  liberated  from  thf  mother  cell  are  small  trypaiiusouies, 
wldeh  ill  turn  grow  to  large  size,  thus  explaining  the  pleomorpbism  of 
the  parasite. 

Cultures  have  been  obtained  by  Lewis  and  Williams  on  the  blood 
agar  of  Novy  and  MacNeal  in  which  a  great  variety  of  forms  may  be 
sc<*n ;  the  method  of  transmission  is  unknown,  but  the  infection  is 
probably  conveyed  by  leeches.  Many  other  trj'panosomes  have  been 
found  in  fishes,  frogs,  and  reptiles  all  over  the  world. 

Trypanosoma  lewisi  (Kent). — This,  one  of  the  longest  known  and 
commonest  forms,  has  been  studied  more  completely  than  any  other 
organism  of  its  class.  It  occurs  in 
a  large  proportion  of  rats  tbroiiijii- 
out  tbe  world,  twenty-five  to  one 
hundred  per  cent  being  infected, 
and  since  it  is  iinn-pntluitri'Mic.  if  is 
a  convenient  organism  for  research. 
It  may  be  pa.ssed  from  wild  to 
white  rats  without  difficulty,  by  in- 
oculating the  lattt'r  with  a  small 
quantity  of  citrated  blood  contain- 
ing the  organi.sms.  At  first  the 
parasites  are  few,  but  after  the 
lapse  of  three  or  four  days,  large 
nniiibers  may  be  found ;  the  condi- 
tion of  rajiid  multiplieation  lasts 
from  eight  to  fourteen  days,  and 
is  sueeeeded  by  a  period  of  a  month 
or  more,  during  which  time  the 
parasites  gradually  diminish  in 
mniiber.  finally  disappearinir  emn- 
pletely,  rendering  the  animal  immune  from  further  infection,  tbe 
immunity  being  complete.  The  serum  of  an  immune  rat  has  a  certain 
protective  power,  and  \»bcn  inoculated  stmuUaneou.sly  with  blood  con- 


Fia.  169.  —  Trypanosom.'I  lewisi. 
(After  Doflfin  imd  Minchin.  Mao 
NenJ,  "  Pat hogeuic  Mii-roorganisnis," 
published  by  P.  Blakiston'a  Sons  A 
Co.) 


744 


PATHOGENIC   PKUTOZOA 


tainiuK  trypanosomos,  may  prevent  the  infection.     No  other  animals 
are  susee|)tible. 

The  blood  should  he  examined  in  both  fresh  and  stained  specimens. 
In  fresh  specimens,  because  of  tiie  rajiid,  hi.shiny  movements  of  the 
parasite,  the  organisms  are  particularly  easy  to  find.  The  details  of 
structure,  liowever,  do  not  apjiear  except  in  spreads  stained  with  some 
of  tlie  uiodilications  of  the  Honianowski  stain,  such  as  AVri({ht's  or 
MacXeal's. 

In  the  adult  stage  tlie  orpanisms  are  quite  uniform  in  size  and 
shape,  bein<i  27  or  28  microns  long  and  1.5  to  2.0  microns  bri>ad ;  the 
posterior  end  is  long,  tapering  and  pointed;  the  kinetonncleus  oval 
and  lliittened;  the  trophonucleus  is  located  near  the  anterior  end,  and 
the  unduhiting  membnine,  while  distinct,  is  relatively  narrow.  The 
endoplasni  is  finely  granular,  and  by  careful  focusing  the  body  wall  or 
periblast  may  be  seen. 

llultiplication  in  the  rat  is  rapid,  and  many  young  forms  are  seen; 
these  arc  stnuller,  stain  more  deeply,  and  vary  much  mure  in  size  tlian 
the  adults.  Dividing  forms  are  common,  the  division  being  longi- 
tudinal and  unei|Uiil,  (he  parent  retaining  the  Hngellum.  Multiple 
division  also  occiir.s.  resulting  iu  the  production  of  rosettes,  whose 
structTire  suggests  that  repeated  lon<ritudinal  division  has  occurred 
without  the  sepiiriition  of  the  <laugliter  cells. 

The  insect  hosts  are  two :  the  rat  tlea,  Crratophylhts  fasciatus.  and 
the  rat  louse,  Iltimatopiiius  spinulosu.i;  the  former  being  the  right  host 
and  the  latter  the  wrong  one,  since  in  it  development  is  incomplete. 
Minehin  and  Tlionipsdn  •  have  studied  the  cycle  in  the  tlea,  which  is 
briefly  as  fdllows:  W'lien  the  injected  blood  and  parasites  reach  the 
midgut  of  the  tlea,  the  trypanosomes  lose  their  flexibility  and  bwcune 
more  or  le.ss  rigid,  and  are  able  to  penetrate  the  outer  wall  of  the 
epithelial  cells  of  the  stomach.  Onee  inside  the  eel',  the  parasite  folds 
upon  itself  and  grows  to  large  size;  the  nuclei  multipl\',  the  body  be- 
comes spherical  and  divides  up  within  its  own  periblast  into  six  or 
eight  daughter  cells,  all  actively  moving  within  their  common  en- 
velope. This  becomes  tense  and  finally  bursts,  liberating  the  vouhk 
trypanosomcs  within  the  epithelial  cell,  tlirough  whose  wall  they  soon 
escape  into  the  lumen  of  the  stomach.  This  form  of  nuUtiplication 
maj'  be  several  times  repeated,  after  which  the  young  trypanosomcs 
pass  down  the  intestine  to  the  lower  end  to  begin  the  rectal  phase. 
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There  the  parasites  in  Inrt.'!'  niiiiihprs  are  fi)iiiul  Jittaehed  to  the 
epithdiiil  fells  by  their  Hajiella.  Hapid  niultiplii-jjlinti  takes  place  by 
frepeated  fission  and  the  parasite  beeoines  crithidinl  in  form,  that  is, 
it  loses  its  inidnlatiti<r  nieinlirane.  heenities  short  and  stubby,  and  the 
kinetouucleus  moves  forward  close  to  or  in  front  of  the  trophonueleus. 
Ultimately  sonic  change  back  to  minnte  trypanosomes,  and  these, 
when  re;.'nri.'ititted  or  jiasscd  in  the  feces,  serve  to  infect  the  next  vic- 
tim. The  rectal  phase,  when  once  established,  lasts  for  several  months 
or  perhaps  indefinitely,  makinjEt  every  infected  flea  a  chronic  carrier. 

Trypanosoma  evansi.  —  Surra  is  a  disease  of  horses  and  mules, 
camels,  elephants,  bulTaloes,  and  doyrs,  which  prevails  in  India  and 
other  parts  of  Asia,  and  also  in  the  Philippines  Jind  Northern  Aus- 
tralia. The  Philippine  ontbrcak  was  traced  to  animals  returned  from 
China  after  the  Boxer  outbreak;  for  at  that  time  American  troops 
came  into  contact  with  native  Indiaa  trooi>s  and  their  animals. 

The  trypano.soitie  eausini,'  the  disease  was  discovered  by  Evans  in 
1880.  The  clinical  course  of  the  disease  is  marked  by  an  irre>rnlar 
recurring  fever,  with  many  remissions,  dnrini;  which  the  parasite  can- 
not be  demonstrated  in  the  blood,  althoujjrh  it  is  not  difllcult  to  find 
during  the  febrile  period.  The  animal  is  anemic,  weak,  emaciated, 
and  may  show  an  ecchymotic  eruption  on  the  abdomen.  The  course  of 
the  disease  may  be  either  short  or  lonir,  but  leads  aliriost  iiivnrijihly  to 
death.  In  camels  it  la.sts  from  two  to  four  years,  often  without  symp- 
toms until  near  the  end,  and  thane  animals  probably  act  as  chronic 
carriers. 

Morpliolo(j!i. — Morphologically,  the  parasite  is  very  like  the  Tryp- 
anoscma  brucci  of  Nagana,  yet,  as  a  rule,  the  trtiphonncleus  lies 
nearer  the  anterior  end  than  in  lirucei.  although  it  may  be  impossible 
to  distinguish  in  smears  between  the  two. 

The  disease  is  carried  by  biting  flies,  tabanidw  and  stomoxys,  and 
also  by  ricas. 

Trypanosoma  brucei. — Nagana  is  a  well-known  Imrse  and  animal 
disea.sc  of  Africa,  which  causes  an  enormous  economic  loss  and  has 
greatly  interfered  with  the  development  of  the  country.  The  para- 
site was  discovered  by  Bruce  in  ISi).^.  Anions  the  natives  it  is  known 
as  tsetse  fly  disease,  and  investigation  has  incriminated  Olossina  nior- 
sitans  as  the  carrier.  Clinically,  the  disease  in  horses  is  nuich  like  the 
Surra  of  India;  the  native  name  for  the  disease,  nagana,  means  weak- 
ness. Nearly  all  the  larger  animals  are  susceptible  to  either  natural  or 
artificial  infection,  yet  man  is  apparently  immune. 
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Morpholoyy. — Morpholoj^ienlly,  it  rt'sciiiblos  plnseJy  most  of  the 
other  pathoiEtenic  trypaiiosnmes,  and  Mint-liin  makes  it  the  type  of  a 
trroiip  of  pathogenic  trj-panosonies,  all  closely  leRenibling  one  another 
and  possibly  descended  from  one  common  ancestor:  the  group  consists 
of  bruci'i,  gambiense,  cvansi,  equiperdnm,  rhodesiense,  and  liippicum. 
The  orfranism  is  less  slender  than  lewisi  and  has  a  wider  uinliihiling 
membrane.  The  posterior  end  is  relatively  short,  the  Irophonucleus 
lies  in  the  middle  of  the  body  and  the  kinetonucleiis  at  the  extreme  pos- 


Fia.  170. — The  Most  Important  Trtpanosomes  Parasitic  in  Vertbbrate.s.  A, 
Tr.  lewisi;  B,  Tr.  cvanai  (India);  C,  Tr.  cvansi  (Mauritius);  D,  Tr.  bnicci;  E. TV. 
equi[}erilum ;  F,  Tr.  equinum;  G,  Tr.  diinoriihon;  H,  Tr.  gambiense.  (X  liJOO.) 
(From  Doflpin  aft4>r  Novy.  MacNeal,  "Pathogenic  MiRTodrganisros,"  published 
by  P.  Blakiston's  Sons  A  Co.) 

terior  end:  a  vacuole  is  placed  just  in  front  of  the  Jattw.  In  length 
the  parasite  measures  twenty-five  to  thirtj'-five  microns  and  is  one  and 
a  half  to  two  and  a  half  microns  in  width ;  multiplication  in  the  blood 
stream  is  by  binary  fission. 

Transmission  is  by  means  of  the  tsetse  fly,  Olossina  morsitans,  and 
perhaps  Glossina  pallidipes  and  Olossina  fusca.  The  fly  may  transmit 
the  disease  directly  after  infection,  acting  as  a  mere  mechanical  car- 
rier, but  it  is  more  probable  that  a  cyclical  development  of  the  para- 
site takes  place  in  the  fly,  after  which  it  remains  infectious  for  a  long 
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period.  It  has  been  shown  thsit  after  the  first  few  hoiirs  the  fly  is  not 
iiifeelions  atiain  until  the  hipsi-  of  ei^'htei'i)  iljiys,  wlifii  its  bite  onee 
more  eoijveys  the  disense,  and  tryiiaiiosomcs  iiiny  be  found  in  the  intes- 
tinal eanal,  the  body  cavity,  the  salivary  -rlands  and  in  the  proboseis. 
Studies  of  the  cycle  in  the  Hy  show  that  only  about  five  per  cent  of 
the  Hies  permitted  to  feed  on  sick  animals  bteonie  ebrouic  (-arriers. 
The  work  of  Bruce  and  others  has  shown  that  the  trypanosonies  are 
more  or  less  harmless  parasites  of  the  big  game  animals  of  Africa, 
which  therefore  are  believeii  to  act  as  a  reservoir,  from  which  the  dis- 
ease is  transferred  to  the  domestic  animals  by  the  tsetse  tiy.  The  dis- 
tribution of  niossina  is  not  uniform,  as  they  are  only  present  in  cer- 
ttiin  definite  areas  called  tiy  belts.  Since  the  disease  does  not  spread 
in  the  absence  of  the  larger  wild  animals,  it  has  been  proposed  that  all 
big  game  be  externn'nated  as  a  projihylactie  measup''.  Mice  and  rats 
are  susceptible  and  die  in  six  to  fourteen  days  after  inoeulation ; 
guinea-pigs  are  more  resistant,  and  may  show  one  or  more  relapses 
within  two  to  ten  weeks.  It  lias  not  been  possible  to  iniiuunize  larger 
animals,  although  a  certain  degree  of  suece.ss  has  been  obtained  with 
the  smaller  animals  used  in  the  laboratory. 

Cultures  have  been  grown  on  artificial  media,  yet  not  so  readily 
as  with  lewisi  and  avian  trypanrisomes.  The  medium  reeoiiimended  by 
MacNeal  contains  the  extractives  of  one  hundred  and  twenty-five  grams 
of  meat,  ten  of  peptone,  five  of  salt,  and  twenty-five  of  agar  to  the 
liter;  to  this  is  added  twice  its  volume  of  warm,  defibrinated  rabbit's 
blood.  The  blood  agar  slants  should  be  soft  and  moist  when  inocu- 
lated. Filtrates  from  eultiires  are  not  foxie.  the  toxin  apparently 
being  liberated,  according  to  ^MaeN'eal,  from  the  body  of  the  disinte- 
grating trypanosome. 

Trypanosoma  hippicum  { Darling V — The  disease  caused  by  this 
trypanosome  in  horses  and  mules  has  been  known  in  Panama  for  numy 
years  under  the  name  of  "Mnrrina  de  caderas"  or  "Derrengadera  de 
caderas,"  the  latter  term  being  used  when  paralysis  of  the  posterior 
extremities  is  the  dominant  symptom  ;  both  names  indicate  a  weakness 
of  the  hind  quarters.  The  symptoms  are  weakness,  emaciation,  and, 
sooner  or  later,  conjunctivitis  and  subconjunctival  eechymosis,  and 
anemia.  The  horses  and  nudes  affected  are  obviously  weak,  and  while 
in  the  stall,  pull  b;tek  on  the  halter,  or  stand  with  straddling  hind  legs. 

The  incubation  period  in  animals  used  for  experiment  is  less  than 
a  week,  a  few  animals  lose  weight  rapidly  and  die  within  a  few  days, 
others  live  for  several  weeks. 
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Treatment,  includinii  the  use  of  arsenical  preparations,  is  without 
eflfect,  and  all  iutVctcd  aniiiials  should  be  destroyed. 

The  disease  is  apparently  transmitted  directly  by  Hies,  which  carry 
blood  and  seruin  from  ulcers  and  abrasions  on  infected  to  healthy 
animals. 

Morphology  of  the  Parasite. — The  trypanosomc  is  sixteen  to  eight- 
een microns  long  and  two  microns  wide.  The  kinetonueleiis  is  aWut 
two  microns  from  the  iiu.sterior  end,  the  troplionueleus  about  eight  to 
ten  microns  from  tlie  same  point.  The  posterior  end  is  blunt  and  the 
eytophisin  usually  contains  nunn'mus  basnphile  priinulcs:  the  undu- 
latiii^r  membrane  is  well  ik'Vclii]K'd  and  a  chromatin  filament  runs  from 
the  kinetonucleus  to  the  tip  of  the  tlagellum.  The  large  kinctouucleus 
distinsruishes  this  orcauism  from  Trj-panosoma  equinum. 

PatholtKjictil  Aiialomf/. — Aside  from  the  emaciation,  edema  of  th<! 
belly  wall,  CDUJunctivitis  and  subconjunctival  ecchymosis,  there  is  usu- 
ally excessive  fluid  in  the  body  cavities,  an  enlarged  .spleen,  and.  what 
is  more  characteristic,  snuiU  petechial  spots  "U  the  ca[)sule  of  the 
spleen  and  in  the  cortex  of  the  kidney  and  in  the  endo-  and  pericar- 
dium and  occasionally  on  the  pleural  surfaces. 

Prophylaxis  cdusists  in  the  destruction  of  all  infected  animals;  the 
protection  of  wounds  and  ulcers  in  otlierwise  healthy  animals  by  .dress- 
ings and.  wherever  possible,  the  use  of  fly  screens  about  Iht;  stables. 

Trypanosoma  equiperdnm  (Dourine). — This  organism  is  the  cause 
of  dourine,  a  disease  of  horses  and  donkeys,  which  is  usually  trans- 
mitted by  coitus,  but  may  be  carried  by  biting  flies,  xtotnoj-ys.  The 
organism  was  first  described  by  Rouget  in  1894;  it  resembles  brucei  in 
many  ways  and  prodiices  a  progressive,  fatal  disease  of  great  economic 
importaiite.  Formerly  it  was  present  throughout  the  greater  part  of 
Europe,  hut  is  now  almost  limited  to  the  shores  of  the  Mediterranean. 
From  time  to  time  it  has  been  introduced  into  the  United  States  and 
Canada  by  blooded  French  stallions  and  has  spread  into  parts  of  the 
Nortliwest. 

The  clinical  course  may  be  divided  into  a  stage  of  edema,  lastini; 
about  a  month,  during  which  there  is  a  painless,  soft  swelling,  limits! 
to  the  genitalia  and  the  belly  wall.  This  is  followed  by  the  stage  of 
eruption,  during  which  plaques,  or  round  edematous  areas,  are  found 
under  the  hide  on  the  flanks  and  hind  ipiarters,  and  sometimes  on 
thighs,  shoulders  and  neck;  this  stage  is  short,  lasting  about  a  week. 
It  is  followed  by  the  third  stage  of  paralysis  and  anemia;  the  animal 
loses  flesh  and  strength,  develops  superficial  ulcers,  conjunctivitis. 
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tf-rafitis,  and  ultimately  paralysis,  leading  to  death  in  two  to  eighteen 
mouths. 

The  trypanosome  is  found  most  readily  in  the  serous  exudate  from 
tlie  uloers,  as  it  is  infrequent  in  the  peripheral  ciroulation;  in  this 
respect  it  resembles  the  treponcuia  of  lues.  The  organism  is  iil»out 
twejity-fire  microns  in  length  and  posse.sses  a  clear  cytoplasm,  free 
from  }»raiuiles,  except  when  propagated  in  white  mice,  when  they  are 


plentiful. 


Pio.  171. — DoDRtNE.  Showing  eweliing  of  genitalia  and  plaques  on  the  skin. 
(Aftor  Kollc  and  Waasermaun,  "  Hondbuch  dcr  Pathogenen  Mikro-orgunisnico," 
2te  Aull.,  1U13.) 

Diaguosi.t  bij  Comijl'mriit  Fij-otioti. — E.  A.  Watson,'  of  Cauadit, 
has  shown  that  it  is  possible  not  only  to  diagnose  tlie  disease  when  the 
eliiiieal  si?ns  are  clenr,  but  also  to  detfrniine  the  existence  of  il.s  non- 
clinical, obscure  and  latent  forms.  Horses  may  tolerate  an  infection 
for  one  (o  three  years,  diu'int;  which  time  they  are  cKpable  of  eonvey- 
inir  the  disease  and  yet  remain  norinal  in  bejilth  and  gi'mTid  {ii>pcar- 
ancp,  and  this  method  of  diagnosis  is,  thurcfurc,  invaluable. 

Watson  obtains  the  antigen  by  inoculating  a  large  number  of 
white  rats  with  Tnipaiioimmn  equipcrdum.  collecting  their  blood  when 

'  E.  A.  WaUson,  Porasitology,  Cambridge,  Eng.,  1915,  VIII,  150. 
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teeming  with  trypanosomes,  and  separating  them  from  the  erytliro- 
cytes  and  plasma  by  washing  and  eentrifnging.  Each  of  ten  to  twenty 
rats  receive  0.3  c.e.  of  blood  rich  in  trypanosomes  intraiwritoneally, 
and  at  about  the  end  of  the  third  day,  when  the  organisms  are  very 
numerous,  the  rats  are  bled  into  citrate  solution.  By  repeated  washing 
the  organisms  may  be  separated,  as  a  pure  white  layer  overlying  the 
erythrocytes.  This  mass  of  organisms  is  killed  and  prc8er\'ed  by  a 
formalin-glycerin  mixture,  after  which  its  antigenic  strength  is  stand- 
anlized  by  titration  in  the  usual  way.  The  test,  a  pure  culture  of 
tryi>ano8onics  being  used  as  antigen,  is  specific  and  is  not  positive 
in  luiy  other  disease  of  horses. 

Trypanosoma  avium. — This  parasite  was  first  described  by  Dani- 
Icvvski  in  ItiJriy.     In  1905,  Novy  and  MacNeal  >  found  trypanosomes 


Fio.  172. — Thypa-n-oboma  avium  i.m  Blood  of  Common  Wild  Bibim.  (After  Novy 
nnd  MucNcal.  MacNeol,  "Pathogenic  MicrodrganiaiDs,"  published  by  P.  Blakis- 
ton'a  Sons  &  Co.) 

in  8.8  per  cent  of  431  American  birds.  Although  there  are  doubt- 
less several  species,  the  most  common  is  TrujMinosoma  avium,  a  para- 
site twenty  to  seventy  micnuis  long  and  four  to  seven  microns  wide. 
They  are  found  in  the  blond  over  long  periods  of  time  and  do  not 
appear  to  be  pathogenic.  Cultures  are  easily  made  and  kept  alive 
for  long  periods  by  weekly  transfers.  The  mode  of  transmission  ia 
niiknown. 

This  was  the  parasite  which  was  confo\indetl  in  19(M  hy  Schnudiiin 
with  developmental  stages  in  the  life  cycle  of  Ilfmorprotrus  nociua 

'  Sovy  and  MacNtal,  Jour.  Infect.  Di».,  Chicago,  1905,  ii,  25A, 
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[and  Hcmorprofnis  zieinani  witli  r«\siilting  confijsinn  in  the  stuJy  of 
trypanosoines  and  hemocytozoa,  and  it  is  only  recently  that  the  error 
[has  been  generally  ackowledged. 


Fia.  173. — Trypanosoma  avium  in  Crn,TiTKE  on  Blood  Agar.  (X  1500.)  (After 
Novy  and  MacNeal.  MacNeal,  "Pathogenic  Microorganijttifl,"  published  by  P. 
Blakiston's  Sons  &  Co.) 

Trypanosoma  gambiense  (Sleeping  Sickness) . — Two  names  have 
been  given  to  tlie  dist'ji.se  I'aii.scd  l>y  this  parasite,  hoth  of  which  are 
now  recognized  as  stages  in  one  and  the  same  infection,  human  tryp- 
auosoiniasis:  they  were  trypanosonie  fever,  and  sleeping  sickness.  It 
is  a  chronic  infection  characterized  by  fever,  la.ssitnde.  weakness, 
M'asting,  and,  in  its  terminal  stages,  by  a  protracted  lethargy.  Sleep- 
ing sickness  and  trypanosonie  fever  had  long  been  known  in  tropical 
Africa,  and  the  disease  at  present  is  widespread  and  the  cause  of 
tremendous  mortality.  It  is  estimated  that  one  hundred  thousand 
deaths  occurred  during  the  ten  years  ending  in  19t().     It  is  endemic 


in  the  lake  region  of  Ceulral  Africa,  and  in  the  Congo  basin.  It 
was  early  introduced  into  ^lartinique  in  the  West  Indies,  but  did  not 
spread  and  lias  now  died  out. 

Duttoii  and  Todd  found  the  parasite  in  1901   in  the  I>1(km|  of  an 
Eiigli-shinan  in  Gambia,  who  died  after  a  febrile  illness  of  two  years' 
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Fig.  174. — Tuvpa.norom.\  gambiense.    Culkin,  "Proto«o6loRy." 

duration;  Castellan!  in  190.3  found  tin'  parasite  in  the  cerel)ro-spinaI 
fluid  of  wpll-riiJirked  cases  of  sleeidng  sickness  occurring  among 
nntives  of  L'gandii. 

Clinical  Signs. — The  disease  begins  with  slight  febrile  attacks. 
lieatlache  and  increasing  weakness,  emaciation,  swelling  of  the  eyelids 
and  eidargeinent  of  the  lytnph  nodes.  The  temperature  increases, 
eilenia  of  the  extremities  appears  and  the  spleen  enlarges.  During 
the  la.st  stajres  nervous  .synijitonis  predominate  and  the  patient  sleeps 
day  and  night,  but  may  have  periods  of  excitement  or  couvulsiotia, 
yet  finally  sinks  into  deep  coma  ajid  dies  of  exhaustion. 

Eiioloyii. — The  disease  is  transmitted  by  the  bite  of  the  tsetse  flj*, 
(ilossina  jmlpalis,  which  is  ai)parently  able  to  transmit  the  infection 
mechanically  immediately  after  biting  an  infecte<l  host,  yet  in  most 
flies  the  tryp.inosonies  ilisintesrate  and  disappear  from  the  intesfiiml 
tract  within  four  or  five  days.     In  from  five  to  ten  per  cent  of  the 
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ISies,  however,  the  trypanosoniog  multiply  iu  the  intestinal  tract,  nnd 

laftiT  eighteen  to  fifty-three  days  they  again  become  iufectious  and  re- 

[nuiin    so     for    a    long 

[period,  tlie  parasites  be- 
iiif.'  fniiud  rufrnlarly  in 
the  salivary  glands  and 
in  the  proboscis. 

It  is  possible  titnt  tlie 
disease  is  transmitted  in 
other  ways  than  by 
Glossina  palpalis  jblond- 
suckiiig  insect  s,  such 
as  stomoxys,  anopheles, 
mansonia  and  perhaps 
fleas,  may  act  as  me- 
chanical carriers.  It  is 
also  possible  that  the  fiq.  175— Tsetse  Fly  {Glossina  iml^HilU).  (From 
disease     is     transmitted  Kusenau,  "Preventive  .Meiiifinc  and  Hygiene. "} 

by  coitus.  Without  some 

such  explanation  it  is  difficult  to  midersland  ctM-tiiin  house  epidemics 
v.'hich  have  occurred  outside  the  fly  htiis. 

The  animal  host  of  the  Tryixinosoma  gamhiense  is  believed  to  be 
the  big  game  animals,  particularly  the  antelope. 

Murjiliulofiii. — The  organism  belongs  to  the  brueei  group,  and  its 
differentiation  on  morphology  is  difficult,  yet,  on  the  average,  the 
fiosterior  erul  is  somowliat  more  jjoinled  than  tbc  hnnri.  fn  length 
it  varies  from  fifteen  to  thirty  microns,  and  in  thickness  from  one  to 
three  microns.  In  fresh  [ireparafious  the  motility  is  not  marked ; 
both  plump  and  slender  form.s  arc  fou3id  iu  the  blood,  but  in  tlie  cere- 
bro-spinal  fluid  slender  forms  only  are  sceu. 

Cultures  on  blood  agar  have  been  made  by  Thompson  and  Sinton, 
yet  they  died  out  after  a  few  veeks,  and  were  never  vindent.  The 
pathogenicity  varies  somewhat  with  t!ie  strain  used,  but  apes  are  easily 
infected.  Tn  wlufe  rats  there  may  be  two  or  three  relapses  before 
death  occurs,  while  when  inoculated  with  hnicei  death  follows  within 
two  weeks. 

Pnthogcnicily. — Although  cultures  vary  greatly  jn  vindenee,  it  is 
pos  ib'e  to  infeef  rats,  dogs  and  monkeys  with  a  fatal  trypanosomiasis: 
e.-ittle,  sheep  and  sfoats  eontitnie  ii>  show  a  few  [lanisitcs  for  months 
after  inoculation  but  without  sickening.     In  no  aninud.  however,  is 
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it  jiossible  to  reproduce  the  sleeping  sickness  stage  as  it  occurs  in 

Diagnosis. — When  the  disease  is  well  developed  in  an  endemic 
area,  the  diagnosis  is  easily  made.  During  the  early  stages  the  exauii- 
nalion  of  the  cerebro-spinal  Huid,  puncture  fluid  from  the  lymph  no<les 
and  the  peripheral  blood  may  all  show  the  trypanosouie ;  since  the 
parasites  are  scarce  the  use  of  the  thick  film  method  of  Rons  may  be 
necessary.  When  direct  examination  is  unsuccessful,  enrichment  in 
the  blood  of  susceptible  animals,  rats  and  mice  will  establish  the 
diagnosis. 

Treatment. — Treatment  is  ba.sed  upon  the  obser%'ation  of  Bruce 
and  Lingard,  that  arsenious  acid  is  trypanocidal.  The  best  results 
have  been  obtained  with  atoxyl,  in  half  gram  doKcs,  repeated  at  inter- 
vals of  ten  days  or  more  for  not  less  than  four  months.  Light  ea-ses 
become  trypanosome  free  and  are  apparently  cured,  yet  many  rela|>se 
on  cessation  of  treatment.  Well  marked  cases  may  show  in)[irovement 
yet  ultimately  grow  worse  and  die.  Otlicr  arsenical  preparations  have 
been  used  but  none  are  entirely  successful.  Salvarsan  drives  the 
parasite  from  the  peripheral  hloo<l  but  not  from  the  cerebro-spinal 
fluid.    The  prognosis  is  unfavorable. 

ProphylaTi,i. — Prophylaxis  is  quite  complicated  and  is  carried  out 
along  several  different  lines.  Tnfecte<l  fly  belts  are  depopulated,  the 
inhabitants  being  removed  to  a  fly-free  district  where  they  may  be 
treated  at  hospital  stations.  The  fly  breeding  may  be  greatly 
diminished  by  clearing  off  the  forest  and  brush,  especially  along  the 
river  courses,  since  the  ylussiiia  needs  abundant  moisture  for  its  propa- 
gation. Since  the  fly  bites  only  during  the  day,  all  traveling  in 
infected  districts  is  best  done  at  night. 

As  it  is  recognized  that  the  antelope  is  the  permanent  reservoir  for 
Trj'panosoma  gambiense,  the  obvious  remedy  is  its  extermination. 

Trypanosoma  rhodesiense.  —  This  parasite  was  established  hj 
Stephens  and  Fantham.'  It  is  transmitted  by  the  Glossina  morsitans, 
a  fly  which  is  widespread  over  large  tracts  of  country,  independently 
of  the  presence  of  water.  It  is  becoming  generally  recognized  that 
there  are  two  forms  of  sleeping  sicknt-ss,  one. of  which  is  caiised  by 
this  trypanasome.  This  form  nf  the  disease  is  more  acute  and  is 
unaffected  by  treatment;  the  trypanosome  is  also  more  virulent  for 
animals  and  may  be  differentiated  from  gambiense  on  its  morphology. 
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As  liotli  panLsitcs  are  foiintl  in  the  antclopi',  the  jirnpliyliixis  is  the 
bjiiiie.  IJriice  '  ia  of  tlie  oijitiioii  lliat  rliodetiieiise  and  brucei  are 
identical. 

Schizotrypanum  crnzi.  —  This  parasite,  which  differs  from  all 
otiier  IrypauoboiiiL's,  is  the  cause  of  a  form  of  huinati  tivviuuiosauiyasis 
occurring  in  Brazil.  It  is  tratistiiitted  by  a  bug,  Conorliinus  meffiiius, 
in  which  the  parasite  passes  jiart  of  its  cycle  of  development.  In  the 
human  beiii<i,  multiplication  takes  place  in  endothelial  ceils,  lympho- 
cytes and  other  parenchymatous  cells  of  the  viscera;  and  also  in  the 
skeletal  and  heart  muscles.  While  in 
this  stage  the  parasite  has  no  flagel- 
lum  and  resembles  the  leishmaiiia ; 
only  after  escape  into  the  blood  does 
it  take  on  tlie  trypanosome  form. 

Guinea-pigs,  rats,  mice  and  mon- 
keys are  suscci>til>Ie;  the  bed-bug, 
citiiex,  is  also  capable  of  transmitting 
the  disease. 

Cultures  were  obtained  hy  Chagas 
and  prove<l  virulent  for  animals.  The 
human  disease  is  found  both  in  chil- 
dren and  adults  and  is  regularly  fatal.  It  is  characterized  by  an 
irregular  fever,  severe  anemia,  swelling  of  the  lymph  nodes,  edema 
and  disturbance  of  the  nervous  system. 

Leisiimania. — This  genus  was  founded  by  Koss  in  11103  for  the 
Leish man-Donovan  and  Wright  bodies  found  in  knla-azar  and  Delhi 
boil,  to  wliich  NicoUc  added  another  in  I'JO!),  the  parasife  of  infantile 
splenomegaly.  Le)shman,  Donovan  and  Wright,  working  independ- 
ently, described  the  first  two  parasites  in  1903,  and,  although  they  have 
received  various  names,  leinhmauia  is  now  the  aecopteri  term.  Rogers, 
Calkins  and  others,  however,  cla.ss  them  as  herpetomonads,  because  of 
the  elongated,  flagellated  form  all  take  in  cultures  on  the  Novy-Mac- 
Neal-Nicolle  blood  agar  Tuedinm.  It  is,  however,  best  to  consider  them 
as  a  separate  genus,  becau.se  of  their  natural  parasitic  habits  in 
human  beings.  Leveran,  Fiintlmm  and  others  have  shown  that  it  is 
possible  in  the  laboratory  to  induce  the  hert>etomonads  parasitic  in 
tlie  intestine  of  various  insects  to  become  parasitic  in  various  ver- 
tebrates. 


Flo.    170. — SCHIZOTRYPAXUM    CHCZI 

IN  Hu.MAN  Blood.  (I-'rom  Dof- 
Icin  after  Chagas.  MacNeal,  Piith- 
ogenii-  Mieruorgani.sms,"  jiub- 
lished  by  P.  Blakiston's  Sons  & 
Co.) 


«  Brtur,  Bu!l  Trcp,  Dis..  1016,  vii,  68. 
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FlO.     177. — SfHIZOTRVPANUM    CRU/I     DEVELOPING    IN    TlSSrES    OF    GlTlVEA-PIQ.       1, 

C'ro«8-6colion  of  fibora  of  Btri»tc<:l  imiscio  rontainitiR  Srhi7.otni'P'*""'f  c""':  2, 
Sfcfion  of  brain  showini:  cyst  in  a  npuroKlia  cell  contiiininm  chiefly  flaifollated 
fonns;  3,  Section  through  suprarenal,  fascioiilftr  tone;  4.  Section  of  brain  show- 
inR  neuroglia  c<>II  filled  with  rouncl  forms.  (After  Low  and  ViannA.  MacNeni, 
"  Pathogenic  Microorganisms,  published  by  Blakiston's  Sons  &  Co.) 
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Leishmania  donovani  (Knla-azar). — This  parasite  is  the  cause  of 
kala-aznr,  a  disease  characterized  by  irrefriilar  fever,  weakness,  anemia, 
eaciiexia  and  a  remarkable  enlargement  of  the  spleen,  and  occasionally 
of   the   liver.     It   is 
clironie,     progressive 
and  freiiuently  fatal, 
the    mortality    being 
about    80    per    cent. 
The  disease   is  cora- 
niou  in  tropical  Asia 
and   in   northeastern 
A  frica. 

Morphology. — The 
parasite  is  intracellu- 
lar, and  is  found 
priucipulty  in  the 
endothelial  cells  of 
the  spleen  and  liver, 
and  in  tlie  bone  mar- 
row. It  is  oval,  two 
to  four  microns  in  di- 
ameter, finely  granu- 
lar and  occasionally 
vacuolated.  It  con- 
tains a  large,  rouml 
nucleus  and  a  smaller 
blephuroplast  wliicli 
is  oval  or  rod  sluiped  ; 
a  third  body,  a  .slen- 
der short  thread,  may  sometimes  he  recognized,  which  is  presum- 
ably the  undeveloped  fiagcllum.  Stained  s|K'ciinons  of  l)lood,  spleen 
and  liver  ptilp,  and  hone  itiiirrow,  usually  -show  larye  endothelial  cells 
or  leucocytes  closely  packed  with  parasites,  one  to  two  hiuidred  to  a 
single  cell.  Multiplication  in  the  body  is  by  simple  division,  and 
incompletely  divided  pairs  of  organisms  arc  freijueutly  seen,  f'ulturcs 
have  been  obtained  in  citratcd  blood  and  on  the  usual  N.  N.  N.  medium. 
When  fully  grown  the  cultural  organisms  are  typical  herpetomonads 
(Icptomonadsl  ;  the  cell  liody  elongates  and  the  rudimentary  whip 
develops  into  a  true  flagellum.  Botli  dogs  and  monkeys  are  susceptible 
to  artificial  inoculations. 


Fio. 


17ft. — Lkirhmania     donovani.       (.\rniy 
School  Colli'i-llon,  \V!».shing1on,  D.  C.) 
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The  parasite  is  probably  transmitted  by  some  insect,  either  cimex 
(Rogers),  or  by  the  dog  flea,  Vtenocephalits  canis  (Wcnyon),  or  a 
plaut-fuediug  bug,  Conorhinus,  which  occasionally  sucks  blood. 

Animal  I'lithogeniciiy. — Wenyon  in  l!tl3  '  inoculated  a  dog  with 
splenic  einnlsion  from  a  man  who  died  in  London  of  kaia-azur  con- 
tracted in  Calcutta.  The  parasite  has  been  successfully  carried 
througli  five  animals,  and  in  1915  an  examination  of  the  bone  marrow- 
showed  not  only  typical  Icishmania,  but  also  a  few  large,  well-niark«-<l 
leptomonad  forms.  Similar  forms  were  described  by  Escomel  in  IIM  1. 
from  South  American  dermal  lesions.    Monkeys  may  also  be  infected. 

Leishmania  tropica  (Delhi  or  Aleppo  boil)  is  the  organism  found 
in  a  local  skin  atfection  variously  termed  Delhi  boil,  Aleppo  boil  or 
tropical  ulcer.  While  it  is  probably  transmitted  by  some  itisccf.  then* 
is  as  yet  no  definite  proof.  The  incubation  peri<Kl  is  about  two 
months,  while  the  disease,  once  manifest,  lasts  twelve  to  eighteen 
months  and  is  followed  by  injmunity  for  life. 

The  parasite,  which  was  first  described  by  J.  FI.  "Wright,"  shows 
minor  differences  from  Loishmania  donovani,  particularly  a  variable 
morpholo>;y.  all  ^'radations,  from  the  usual  oval  to  elongated  narrow 
forms  with  pointed  ends,  being  found. 

Cultures  nmy  be  obtained  on  the  N.  N.  N.  blood  agar,  which  develop 
into  leptomonads.  as  with  Lcislimania  donovani.  Dogs  and  monkeys 
are  susceptible  to  artificial  irnHMilation,  and  it  is  possible  that  in  nature 
the  disease  is  carried  from  dogs  to  human  beings  by  some  insect. 

Leishmania  infantum  (^ Infantile  Splenomegaly)  was  describeil 
by  Nicollc  in  I'.H)!)  Uwm  cases  of  infantile  splenomegaly  occurring  in 
Northern  Africa.  The  disease  resembles  kala-azar  in  all  respects,  except 
that  the  patients  are  young  children,  and  it  is  possible  they  are  the 
same  disease.  The  parasites  are  found  in  abundance  in  the  livi-r, 
spleen  and  bone  marrow  at  autopsy  and  may  be  cultivated  in  the  usual 
way  on  the  N.  N.  N.  blood  agar. 

Animal  Pathogenicity. — The  disease  occurs  naturally  in  African 
dogs,  and  they  are  prolmbly  the  source  of  infection,  the  parasite  being 
carried  by  a  (lea  or  sume  other  insect.  Dogs,  monkeys  and  guinea-pigs 
are  susceptible  to  artificial  inoculation. 

The  treatmcjit  of  leishmaniasis  is  unsatisfactory  since  there  is  no 
known  specific. 


I 

■ 


'  Wmi/on,  Jour.  Trop.  Med.  and  Hyg.,  Lonilim,  1915,  rviii,  218. 
»  Wrinht,  J.  //.,  Jour.  McJ.  Rta.  Boet.  1903,  x,  4ti. 
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Two  other  forms  of  dermni  leisliinajiiasis  have  been  described  ;  the 
first,  due  to  LcLilnnania  brazilieiisis,  occurs  in  many  parts  of  South 
America.  The  parasite  is  morphologically  identical  with  Leishmania 
tropica.  Since  the  disease  is  always  contracted  in  the  virgin  forest, 
one  name  for  the  afft-ction  is  foreist  yaws;  uta  and  csiMiiidia  are  prob- 


Fio,  179. — Leisumania  i.\f.v.ntcm.     (Amiy  Mnl    Silu><>l  (Dllcction,  WiisliinRlon. 

D.  C.) 

ably  different  clinical  forms  of  tlie  same  disease.  The  transmitting 
insect  cannot  well  belong  to  the  iKuisolinld  vermin  or  domestic  insects; 
sylvan  insects  such  as  the  ixodidcs.  tabanides,  simulids,  mos(|nitoe.s  and 
Coiinrbiiius  are  all  suspected  of  being  carriers. 

The  second  form  is  called  l.ri.slniiiiiiia  uihtirn  (Brntiii>t,  1013), 
and  is  found  in  n(in-ulccnitiriir  keloid  ni)diil<-s  in  E^'.vptiiui  iu't,'nics. 
Morjditjlogically,  the  paa'asite  is  iudistiiiguislmblc  from  Leish mania 
tropica. 


lAPTER   LVII 

CLASS  111— SPOROZOA" 
SUB-CLASS— TELaSPORlDlA 

HEMOSPORIDIA 

The  U rmospovidiii  and  Siirconiionnlin  nrf  tlio  only  tnPinbers  nf  this 
order  of  ujedicul  interest.  Tlie  liemtjsporidia  belong  to  the  sub-clasej 
Telosporidia  of  the  Sporozoa,  because  spore  formation  begins  at  the 
end  of  file  life  evrle. 

The  systeniatists  have  not  yet  agreed  upon  the  i)roj)er  elassification 
of  this  group  of  parajiites;  eonsequeufiy  the  older  arrangement  will 
III'  ffdlnwed.  They  are,  like  the  eoecidia,  parasites  of  eells,  at  least 
during  the  schizogeuous  cycle;  all  change  hosts  to  some  insect  for  the 
sporogeiious  cycle.  As  the  name  implies,  they  live  in  blood  ceils  and 
are  rapidly  ■ri'""  i"?  ameboid  bodies,  which,  beginning  as  sporozoites, 
penetrate  the  host  cells  and  develop  into  trophozoites.  These  grow 
rui>i(lly  to  adult  segmenting  parasites,  in  which  case  they  are  called 
schizouts,  or  to  sexual  forms,  or  gametes,  when  they  are  termed 
sporonts.  In  the  course  of  their  development,  most  species  produce 
melanin  from  the  destruction  of  the  hemaglobin. 

The  nucleus,  which  is  readily  stained,  is  single  and  possesses  a 
karyosome;  the  mature  schizont  divides  into  many  small  forms  called 
merozoites,  and  these,  when  freed  by  the  rupture  of  the  degenerated 
erj'throcyte,  escape  into  the  blood  plasma,  and  if  not  phagocyted, 
penetrate  other  erythrocytes  and  repeat  the  asexual  or  schizt^renous 
cycle.  The  pigment  and  undivided  portion  (restkorper)  of  the  cyto- 
plasm of  the  mother  cell  accumulate  in  the  bone  marrow,  sf>Ieen  and 
other  viscera. 

After  a  number  of  cycles  of  asexual  multiplication  bave  been  lived 
through,  a  new  development  takes  place  and  sexual  forms  begin  to 
ajipear  in  the  circulation.  These  grow  to  large  size,  yet  show  no  indi- 
cation of  division  into  merozoites  and  were  at  one  time  considered 
degeneration  forms.    Two  varieties  may  be  distinguished,  one  with  a 
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dark  staining  cytoplasm  and  fine  ^'ranuhir  melanin,  and  the  other  with 
light  staining,  hyaline  cytoplasni  ami  coarse  pigment;  tho  former, 
loaded  with  reserve  food  material,  is  the  female  or  niacrogainetoeyte ; 
the  latter,  the  male  ur  iiiierogaiiietoeyte.  The  gametes  do  not  develop 
furtlicr  until  taken  into  the  digestive  traet  of  the  insect  host.  For 
pnrjioses  of  study,  however,  the  microganietoeytes  may  he  made  to  ex- 
Hageliale  on  the  slide,  dampened  a  little  by  hreathing  upon  it,  to 
.stimulate  the  eondition  in  the  inseet  host.  In  such  a  prepanitiou,  the 
tlagella,  or  mierogametes,  may  be  seen  actively  moving  inside  the  cell 
boiiy,  whose  wall  they  ultimately  rupture,  and  all,  four  to  eight,  escape 
and  whip  about  until  they  eome  in  contact  with  a  maerogaiiietocyte, 
when  one  niierogamete  enters  through  the  micropyle  and  finally  fuses 
witli  the  fenutle  nucleus. 

Hemoproteus  columbse  (TIalteridiiim). — This  parasite  of  the  red 
bloo<l  cells  of  doves  was  described  in  18i)l  by  Celli  and  Sanfelice. 
It  is  widely  distributed  in  nature  and  has  been  reported  from  Euro[)p, 
Asia  and  Xorth  and  South  America.  The  organism  is  found  within 
tlie  cypfoplasin  of  the  erytliroeyte ;  tiie  nucleus,  wtiicli  is  not  regnlarly 
displaced,  is  surrounded  by  the  growing  parasite  like  a  Fialter,  and 
for  this  reason  it  was  named  baltrridiiim  by  Labhe.  It  is  sluggishly 
anieboid  and  produces  an  abundance  of  melanin,  and  when  the  blood 
is  drawn  the  ripe  male  sporonts,  the  microgametocytes,  rupture  easily, 
liberating  tlie  active  tlagella,  or  mierogametes.  Under  favorable  cir- 
cumstances the  fertilization  of  the  niaci'ogametocyte  by  the  miero- 
gametes may  be  observed  on  the  slide,  and  it  was  while  working  with 
this  parasite  that  Macallum  first  followed  out  the  whole  process  of 
fertilization  in  the  hemosporidia  and  gave  the  proper  explanation  of 
t)ie  flagellate  stage  seen  in  the  malarial  parasite. 

In  the  blood  of  the  dove  this  parasite  is  usually  seen  as  a  large  or 
small  crescent,  partly  encircling  the  nucleus;  the  gametes  are  readily 
recognized  by  the  usual  marks,  that  is,  the  female,  or  macrogametocyte, 
is  rich  in  reserve  material  and  the  stained  specimen  takes  a  deep  color; 
the  male,  or  microgametocytc,  being  poor  in  reserve  material  stored 
in  the  eyptoplasm,  appears  relatively  pale  in  stained  specimens. 

The  invertebrate  host  of  flic  parasite  is  Lijnrhia  maura  (Bigot), 
or  Li/iu'liia  lifidocolor,  a  biting  hr]ipohoscid  fiy  of  louse-like  habits 
which  lives  in  the  nest  and  in  the  plumage.  The  cycle  in  the  fly  has 
been  successfully  worked  out  by  Adie,'  who  has  demonstrated  the 

•  Adie,  Hden,  Indian  Jour.  Med,  Research,  Calcutta,  191.5. 
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ookinetes,  zygotes  and  fM'irysts  in  tlip  lower  portion  of  tlie  inid^nit. 

the  oiieyst  grows,  it  stiimis  out  from  the  gnt  wall  jirnl  lintiliy  sliows  the' 

striations  iadicative  of  Uie  presence  of  sporuzoites;  after  rupture  of 


Via.  180. — HjBMOpnoTBtJS  colttmBjE.    la  to  3a,  Development  of  female  parasite  in 
blood  of  dovi';  lb  to  3b,  Development  of  male  purusito  in  blood  of  dovp;  4ft.  4b,  i 
5b,  6  tx)  12,  Development  in  the  diKestive  tube  of  the  fly  (L\t>rhitt);  13  to  20, 
Development  of  the  parasite  inside  leuojoytes  in  the  lunn  of  the  dove.     (AfltrJ 
Avagao.     MacNcul,  "Pathogenic  Micnx'irKunisnis,"  publislicd  by  P.  Blakitfton'l] 
Sona  &  Co.) 


SPOROZOA 


the  mature  cyst,  these  collect  in  large  numbei-s  in  the  salivary  glands 
and  ducts. 

The  life  history  of  the  parasite  is  seen  to  be  like  that  of  proteosnma 
and  malaria,  except  that  the  asexual  or  schizogenous  cycle  api)ears  to 
be  lacking. 

Proteosoma  ( Plasmodium)  precox. — This  parasite  is  a  typical  rep- 
resentative of  the  sportizoa,  and  is  interesting  liistorically,  since  it  was 
the  one  with  which  Ross  worked  in  1898,  when  he  first  demonstrated 
the  part  played  by  tlie 
mosquito  in  "bird  ma- 
laria." 

Grassi  and  Feletti  de- 
scribed the  parasite  in 
1890  under  the  name  of 
hemamcha  precox.  It  is 
■widely  distributed  geo- 
graphically, and  is  com- 
mon in  the  blood  of  .siiiiill 
birds,  sparrows,  robins  and 
larks.  It  cull  be  jiropa- 
gated  in  tfie  laboratory  iu 
tlie  blood  of  canaries  with- 


A  B  C  D 

Fw.  181. — Proteosoma  pimscox  in  Blood  or 
Field  Lark.  A,  Young  parasite  in  blood  coll; 
B,  Half-grown  jjariuiite  wliioh  has  pu.sheJ  aside 
nucleus  of  hlo<id  coll;  C,  Panisitc  vWth  clump 
of  pigment  and  many  nuclei;  D,  Division  into 
many  merozoites.  (.\fU!r  Doflein  and  Wasie- 
lewski.  MiicNcal,  "  Pathogenic  Microorgiin- 
isras,"  published  by  P.  Ulakiston's  Suns  &  Co.) 
out  great  difficulty;  spar- 
rows, however,  do  not  long  survive  iu  captivity  unless  kept  in  round 
glass  jars,  where  they  cannot  injure  themselves  by  dashing  against 
the  walla.  The  blood  for  exafiiiniition  is  obtfiincd  from  the  cephalic 
wing  vein,  close  to  the  body,  wliich  is  nicked  witii  a  razor,  and  tlie 
blood  taken  up  in  a  capillary  glass  tube  containing  a  little  citrate 
solution.  To  inoculate  a  new  bird,  it  is  siifHcit'iit  to  inject  a  small 
quantity  of  citrated  blood  from  an  infected  canary  into  the  breast 
muscles  of  the  new  bird,  transferring  to  a  new  host  at  inter\'aLs  of 
a  month  or  less.  Because  it  is  nut  difficult  to  kccii  on  luiiid,  this  organ- 
ism may  be  used  for  class  study  in  localities  where  malarial  cases  are 
infreipient.  There  is  no  apparent  reason  for  placing  it  in  a  tlifferent 
genus  from  the  malarial  parasites. 

The  entire  asexual  cycle,  .schizogony,  may  be  studied  in  the  periph- 
eral eirculntion,  as  in  quartan  maturial  fever. 

In  nature  it  is  transmittcil  by  l>oth  eiilcx  and  stegomyia  {Ardfs 
caloptts),  and  its  development  is  briefly  as  follows:  The  bird  is  inocu- 
lated by  the  mosquito  with  spiudle-sliaped  young  forms  known  as 
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sporozoitcs.    These  passess  the  power  of  nniebi)id  motion,  and  ntpidly 
|)envtrate  iuto  an  erythrocyte,  in  wliich  thi-y  grow  <iiiiekly ;  they  con- 
stantly move  about  inside  the  cell  until  nearly  full  grown,  and  aral 
during  this  stage  called  trophozoites.    The  substance  of  the  erythrocyto  ^ 
is  rapidly  consumed  by  the  parasite  and  a  dark  pigment,  melanin  or 


Flo.  182. — MiDOUT  or  Cttlex  Mosquito,  Covered  wtth  OflCYSTn  of  PRorsoeoMA 
PRiBCOX.    V,  Vasa  mul|iigliti.     (After  Dofli'in  and  Ko8s.    MacN'etJ,  "  Pathogenic  J 
Microorganisms,"  puhtisbed  by  P.  Blakislon's  Sons  ft  Ck>.) 

heniozoin,  is  formed  from  the  destroyed  hemaglobin.  The  mature 
parasite  divides  into  many  small  forms  called  inerozoitcs,  and  these, 
when  freed  by  the  rupture  of  the  degenerated  erythrocyte,  escape  into 
the  blood  pla.sma,  and  if  not  phagocyted,  penetrate  other  erj'throoytes 
iind  repeat  the  asexujil  or  schizogenous  cycle.  The  pigment  and  undi- 
vided portion  (restkorper)  of  the  cytoplasm  of  the  mother  cell 
accumulate  in  the  bone  marrow,  spleen  and  other  \'iscera. 


MALABIA 

This  is  one  of  the  most  coniniori  iiud  widespread  of  preventable 
human  diseases,  and  in  some  localities  is  the  cause  of  a  greater  mor- 
tality and  morbidity  than  tuberculosis.  It  is  caused  by  one  or  more 
of  the  three  forms  of  the  malarial  Plasmodium.  As  a  rule  the  infec- 
tions are  simple,  yet  in  the  tropics  it  is  not  uncommon  to  find  two 
species  of  Plasmodia  in  the  same  patient,  and  this  condition  is  called 
a  mixed  infection. 

History. — The  disease  under  varioos  names,  as  chills  and  fever, 
Roman  fever,  Chagres  fever,  has  been  known  since  the  greatest  an- 
tiquity. The  cause  was  not  discovered  until  1880,  when  Laveran.  a 
French  military  surgeon  stationed  in  Algeria,  first  saw  the  organism 
and  described  it  as  the  cause  of  malaria.  lie  saw  and  described  not 
only  the  pigmented  trophozoite,  but  also  the  cresceutic  gametes  and 
flagellating  microgametocytes,  and.  because  of  the  activity  of  the 
flagella,  called  the  parasite  Oseillnria  miliaria,  a  name  afterwards 
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given  up.  Later,  in  1885,  Celli  and  Marchifava  described  the  parasite 
with  greater  accuracy  and  named  it  I'liisiiiodium  malarut.,  a  poor 
name,  since  it  describes  merely  a  condition  assumed  by  some  I'uujji 
and  mycetozoa,  yet,  according  to  the  rules  of  zoological  nomenclature, 
it  must  stand.  In  the  same  year,  (Jolgi  described  the  quartan  parasite 
and  in  the  follovviug  year  demonstrated  the  relation  of  the  various 
stages  of  the  life  cycle  of  the  tertian  parasite  to  the  temperature  curve. 

Even  in  antirjuity  many  had  noted  the  curious  distribution  of 
nuUaria,  and  its  intimate  relation  to  swamps  and  marsliy  plai-i's. 
Mauson,  who  had  already  shown  the  role  played  by  an  infected  mos- 
quito in  transmitting  filarial  disease,  in  lSf)4,  suggested  that  the  epi- 
demiology of  the  disease  could  best  be  explained  on  tbe  hypothesis 
that  it  was  conveyed  by  the  bite  of  some  blood-sucking  insect,  probably 
the  mosquito. 

For  yeai-s  the  interpretation  of  the  flagella  was  a  subject  of  con- 
troversy. They  were  regarded  as  degeneration  products  by  some  and 
as  living  elements  by  others.  In  1897,  MaeCallum,  working  with 
halteridium,  was  able  to  show  that  they  were,  in  fact,  spermatozoa,  as 
he  siiw  them  penetrate  and  fertilize  the  macrogaraetes,  or  large 
•splierical  forms  without  flagella. 

In  1897,  Ross,  of  the  British  Indian  JletJieal  Service,  deseribetl  the 
beginning  of  the  .sporngenous  cycle  in  what  he  called  a  dapple-winged 
mosquito,  which  we  now  recognize  as  an  anopheline.  Following  out 
further  Manson's  hypothesis,  he  was  able  the  same  year  after  long  and 
laborious  research  to  clear  up  the  method  of  transmission  of  bird 
malaria,  protcosoma,  an  analogous  disease.  Grassi  and  Bignami  and 
Bastiauelli,  in  1898,  suceeedeil  in  demonstrating  the  complete  life  cycle 
of  the  human  form  of  malaria  in  tbe  anopheles  mosquito. 

Geoffraphical  Distribution. — The  disease  is  found  in  a  belt  round 
the  world  extending  from  40  degrees  S.  latitude  to  GO  degrees  N. ;  it  is, 
however,  not  e(iually  distributed  throughout  this  zone,  and  even  in  (he 
tropics  there  are  many  malaria-free  areas,  principally  in  the  regions 
of  higher  altitudes,  since  the  special  home  of  malaria  is  in  the  low- 
lying,  swampy  and  torrid  coastal  districts  and  river  basins.  Islands 
at  a  diatance  from  the  main  land  rciay  be  entirely  free.  Malaria 
reaches  its  maximum  intensity  in  the  tropics,  where  the  anopheline 
mosquitoes  breed  continuou.sly  throughout  the  year,  and  new  infec- 
tions may  occur  at  any  time;  while  in  the  sub-tropics  and  temperate- 
regions  it  is  a  seasonal  disease,  appearing  soon  after  the  onset  of  hot 
weather  witJi  its  new  crop  of  auophelines  and  continuing  until  the 
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first  cold  weather.  Relapses  continue  to  occur  throughout  the  winter 
season.  ^Modern  times  liave  seen  it  disappear  from  many  regions 
where  it  was  formerly  endemic,  because  of  increased  cultivation  of  the 
soil  and  better  surface  drainage,  as,  for  example,  in  England  and  the 
Ohio  river  valley. 

In  the  re^tratlon  area  of  the  United  States  there  were  1,565 
deaths  from  malaria  in  1913;  in  Italy,  up  to  litOfl,  the  average  numl)er 
of  deaths  from  this  cause  annually  was  Ib.tWO.    One  cannot  obtain  a 
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FlO.       183    —  Pl,AftMODirM       VIVAX. 

(Amiy   Med.  School   Collection, 
Washington,  D.  C.) 


Fio.  184  — Pi.AftMODiUM  VIVAX.  (Oonipte.) 
I  Army  Med.  J^chool  CoUection,  \VH.shing> 
ton,  D.  C.) 


true  picture  of  the  importance  of  the  disease,  however,  from  mortnlity 
statistics,  since  it  is  not  often  fatal,  and  the  morbidity  is  out  of  pro- 
portion to  the  mortality.  In  many  villages,  where  it  is  endemic,  one-^ 
third  to  one-half  tlie  population  may  have  parasites  in  the  blood,  most 
of  them  without  clinical  symptoms,  yet  they  are  not  able  to  work  and 
the  children  remain  imdeveloped  and  backward.  Much  of  the  illneas 
attributed  to  hookworm  infection  is.  in  reality,  due  to  latent  malaria. 
The  parasites  belong  to  the  class  of  hemosporidia,  and  are  closely 
related  to  the  coccidia.  which  are  parasites  of  epithelial  cells,  while 
the  Plasmodia  are  parasitic  on  red-blood  cells.  There  are  two  divisions 
of  the  life  cycle;  that  which  occurs  in  man,  the  endogenous,  asexual 
or  schizogenous.  and  that  which  occurs  in  the  mow|uito,  the  exogenon.*, 
sexual  or  sjinrogenous ;  for  this  reason  the  mosquito  is  the  definitive 
and  the  man  the  intermediate  host. 


SP0R02OA 


There  are  three  well-reenirniwd  ruriiis  of  tlie  plasmoflia.  (1)  Pltis- 
modium  vivax  ((irassi  ami  FilcHi),  ciinsinjr  tcrliaii  fever  (also  called 
"henipn  tertian");  (2)  l'tasnw<liinn  wo/nrw  (Laveran),  causing 
quartan  fever;  (3)  I'lasiiKKliiiin  falripanim  (iiiiiiiiiciilatuni)  (Weleh), 
causing  the  tropical  form  of  malaria,  the  so-called  a'stivo-antutnnal 
or  suljtertian.  Since  in  general  the  life  history  of  the  three  forms 
is  alike  they  will  be  considered  together  as  far  as  possible.     As  the 


Fio.  185. — Plasmodicm  vrvAX,  an  Atypical 
Macrogametocvte.  Form  interprete<l 
bj'  Schaudinn  as  undergoing  partheno- 
genesis. (Army  Med.  School  Collection, 
Washington,  D.  C.) 


Fio.  186.  —  l'L.\.sMonirM  vivax. 
(Army  Med.  School  < 'nlliiiiun, 
Washington,  D.  C.) 


details  of  development  cannot  be  tnade  out  easily  in  fresh  specimens, 
the  followinp  decription  applies  to  those  stained  with  some  form  of 
the  Ronmnowski  stain. 

Flasmodium  vivax. — The  parasite  of  tertian  fever  has  a  life  cycle 
lasting  forty-eiyht  hours  and  is  easily  recognized  only  when  full 
grown,  that  is,  twenty-fonr  to  forty-eight  hours  after  (be  chill.  While 
a  diagnosis  may  be  made  on  younger  forms,  it  is  not  so  readily  made. 
As  its  name  implies,  tlic  Phismodiiim  vivax  is  actively  ameboid, 
and  pseudopods  and  irregular  outlines  characterize  the  well-grown 
parasite ;  the  infected  erythrocyte  is  swollen,  often  to  twice  its  normal 
size,  the  hemoglobin  is  pale  and,  especially  in  spreads  in  which  Man- 
son's  stain  has  been  used,  it  is  so  much  paler  than  in  the  surrounding 
cells  that  the  infected  cell  stands  out  clearly.    The  part  of  the  cell  un- 
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occupied  by  the  parasite  is  stipplpil,  that  is,  dotted  with  reddish  erran- 
ulfs  called  Schufl'ner's  dots,  iind,  as  the  swollen  red  cell  and  SchulT- 
ner's  dots  are  found  in  no  other  form  of  malaria,  their  presence  ia 
pathognomonic  of  tertian. 

The  younses't  form,  the  free  nierozoite,  is  rarely  seen,  but  young 
comet-like  forms  composed  of  a  particle  of  red  chromatin  and  a  littl«? 
blue  cytoplasm  may  readily  be  detected  at  the  height  of  the  fever; 
that  is,  a  few  hours  after  the  chill  and  sporulntion.  The  round,  young 
schizont  as  it  grows  develops  early  a  central  vacuole  and  assumes 
the  shape  of  a  signet  ring,  the  red  chromatin  dot  being  the  stone.    This 


Fio.  187. — Pla.smooium  vivax.    (Army  Med.  School  CoUeciion,  WashiiiKton,  D.  C.) 

small  tertian  ring  grows  rapidly  ns  the  fever  sub.sides,  and  at  the 
same  time  the  infected  cell  increasi's  in  size.  Twenty-four  hours  after 
the  chill  the  ring  has  grown  so  niu<h  that  it  is  referred  to  as  tin-  large 
tertian  ring,  and  its  tendency  to  irregularities  of  shape  and  ameboid 
form  becomes  apparent,  and  fine  granules  of  pigment,  called  melnnin 
or  heuiozoiu,  begin  to  be  visible.  After  thirty -six  hours  the  ring's  will 
all  have  grown  into  large  atneboid  forms.  After  about  forty  hours  the 
parasite  occupies  almost  the  entire  cell  and  the  pigment  begins  to  col- 
lect ill  masses  toward  the  center.  Soon  after  the  first  signs  of  seg- 
mentation appear,  which  becomes  more  and  more  distinct  until  fiflw^n 
to  twenty  separate  segments  or  merozoites  are  seen,  each  coinpoaed 
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of  nucleus  and  cyptoplasm.  The  pigmexit  of  the  adult  parasite  and 
the  unused  iiortiou  of  the  cytopliisiu  are  cast  ofl'  after  scjiim-ntation 
as  a  restkiirper,  which  is  promptly  phagocyted  and  such  masses  ac- 
cumulate in  the  spleen,  bone  marrow  and  viscera.  With  rupture  of 
the  erj'throcyte,  at  the  time  of  lln-  eliill,  the  incroznrtes  are  set  free, 
and  if  not  phayoeyted,  iiuiuediately  attack  new  erythrocytes  and  the 
asexual  or  schizogenous  cycle  is  repeated,  until  treatment  or  increas- 
ing immunity  halts  or  alters  the  cycle. 


Fig.  188. — Plasmodium  vivax.    (Army  Med.  School  Collection,  WaahingtoQ,  D.  C.) 

In  practice  it  is  not  unu.sal  to  find  (larasites  of  different  Hj;es  in 
the  same  lilm,  as  some  individuaJ.s  seem  to  develop  in  adviniw  of 
others;  in  this  case,  however,  there  will  not  be  much  difference  in 
their  apiiearance.  When  extreme  difl'ercnee  of  ape  is  noted  in  films  it 
Ls  proha!)le  that  there  have  hcen  several  different  inoculations,  pro- 
ducing; double  or  triple  infectious  with  quotidian  or  irrej,ndar  fever 
curves,  ar.d  such  eases  are  not  uncommon. 

A.S  all  the  forms  so  far  described  belonp  to  the  schizojieunus  cycle, 
they  may  be  called  scbizonts,  or  trophozoites  of  the  seliizo^icnoiis 
cycle.  The  sporogenous  cycle  begins  in  nuin  and  is  completed  in  the 
mosipiito.  'i"he  carlie»st  sexual  forms  noted  were  the  so-called  "spheres," 
large  adult  parasites,  first  seen  in  wet  preparations,  which  did  not  sejj- 
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nieut  with  the  sc-hi/onls.  They  siro  now  cjillwl  gamctos  and  after  the 
disease  has  lasted  some  time  are  found  in  Kims  made  at  all  stagi-s  uf 
the  fever;  that  is,  they  are  incapable  of  further  developmect  un- 
til taken  into  the  stomai'h  of  the  mosquito.  The  possibility  of 
jiarthenogi-nosis  will  be  referred  to  later.  In  appearance  they  are 
round  or  oval,  and  in  this  fever  may  be  twice  the  size  of  the 
red  cell.  An  a  rule  a  narrow  tDarigin  of  red  cell  is  visible  after  Ro- 
niauowski  stains,  although  the  gamete  may  lie  free  in  the  plasma. 
I'lilike  the  scliizonts,  the  gametes  have  the  pigment  uniformly  dis- 
tributed throughout  the  body  and  there  is  no  indication  of  sepmen- 
tation.  The  young  sporonts  are  distinguished  from  scliizonts  by  the 
absence  of  the  vacuole,  and,  when  a  little  older,  by  a  larger  amount 
of  heino/'.oin. 

Flasmodiiuii  malaris. — The  quartan  parasite  has  a  life  cycle  of 
seventy -two  hours,  or  twenty-four  hours  longer  than  the  tertian,  and 


Fio.  189. — PLABMODiiTMMAL.iKi.t:.  (.\nny     Fio.  190. — I'i.\-\i'.iiiiM  nularij!.  (Army 
Mnl.  School  CoUectiuii,  Washington,  Med.  School  CoUecUou,  Washington, 

D.  C.)  D.  C.) 

the  paroxysms  come  on  every  third  day,  or,  according  to  the  Italian 
method  of  reckoning  time,  on  the  fouitli  day.  The  young  rings  of  the 
Plasmodium  malaria)  are  indiKtinguisliable  from  young  tertian  rings, 
but  the  diagnosis  may  be  made  <>ii  older  forms.  The  bleaching,  enlarge- 
ment and  stippling  of  the  erythrocyte  charaoteri.stie  of  tertian  is  never 
found  in  quartan  fever,  the  infected  erythrocyte  being  almost  normal 
in  appearance.  The  'wfll-grown  (piartan  para.site  does  not  show 
ameboic  changcB  b\it  assumes  a  band  form,  more  or  leis  wide,  stretch- 
ing across  the  red  cell  from  border  to  Inirder-,  with  iucreasiug  age  the 
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band  widens  until  the  parasite  is  nearly  squnre  and  the  hemozoin  ac- 
cumulates toward  tlie  center.  Sejrinentatiou  fjives  rise  tn  aliimst  sym- 
metrical "daisy"  forms,  sshowing  six  to  eight  or,  rarely,  fourteen  nienv 
zoites.  Parasites  of  difl'erent  ajies  may  he  found,  as  in  tertian,  and 
it  is  characteristic  of  quartan  fever  that  examples  of  all  sta-res  of 
the  life  cycle  may  be  found  at  the  proper  time  in  the  peripheral  cir- 
culation. Gametes  differ  from  tertian  mainly  in  size,  since  the.v  are 
never  larger  than  the  normal  erytlirocyte  utilil  after  the  latter  has 
ruptured,  but  when  free  in  the  plasma  it  is  practically  impossible  to 
distinguish  thera  from  tertians. 


Fio.  191.  —  Plasmodittm  malarlg. 
(Army  Med.  School  Collcctiun,  Wash- 
ington, D.  C.) 


"Fia.  192.  —  PLA«MODir.M  falciparum. 
(X  1500.)  (Army  Med.  St-htiol  Col- 
lection, Washington,  D.  C.) 


Plasmodium  falciparum. — The  parasite  of  fcstivo-autumnal  fever, 
Plasitwdium  faldixiniiii,  ditfcrs  cuiisiilerahly  from  the  two  forms  al- 
ready described;  the  life  cycle  varies  between  twenty-four  and  furty- 
eight  hours,  and,  at  least  in  new  infections,  only  riufj  forms  are 
found  in  the  peripheral  blood,  alfhouijh  at  a  later  stage  ereseentic 
gametes  may  be  present.  The  yoiuitjest  lestivo-autumnal  rintrs,  found 
at  the  height  of  the  fever,  are  more  delicate  than  the  young  tertians. 
As  the  temperature  falls  the  rings  increase  in  size,  but  witlumt 
change  of  form ;  the  growth  is  luit  uniform,  but  occurs  as  a  thick  eres- 
eentic swelling  on  the  convex  surface  of  the  ring,  and  oeeasionaHy 
more  than  one  sueh  swelling  is  present.  The  large  a>stivo-autumnal 
ring,  found  after  the  febrile  paroxysm  has  passed,  occupies  one-third 
to  one-half  the  red  cell,  which  is  never  swollen  nor  stippled,  as  in  ter- 
tian, and  the  parasite  is  never  band-like,  as  in  quailan.    Segmenting 
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parasites  are  almost  never  seen  in  the  peripheral  blood  in  astivo- 
itiitumnal  fever,  thoufrh  in  tertian  they  are  cojomon  and  in  quartan 
numeruns.  If.  liowever,  films  are  prepnrcil  at  autopsy  from  tlie 
spleen,  liver,  hone  marrow  and  brain,  enonnons  nuniliers  of  si-gment- 
ing  forms,  toRef her  with  all  other  sta^tes  of  the  parasite,  may  be  found. 
The  full  frrown  s('(^nienter  opt-npies  one-third  to  one-half  the  cell  and 
shmvs  a  eolleotion  of  heniozoin  in  large  blocks  in  the  center.  The 
merozoites  varj*  in  number  from  eight  to  twenty-five.  In  addition 
to  the  small  nniiliir^'C  rint's  the  peripheral  l)l(>o<l  shows,  after  the  fever 
has  lasted  sufficiently  long,  the  sexual  forms  or  gametes.  The  infecte<l 
erythrocyte  is  never  stippled  nor  swollen,  but,  on  the  contrary,  may 
appear  shrunken.  Both  the  miero-  and  macrogametoeytes  in  irativo- 
antiimnal  fever  are  ere.seentic  in  shape,  their  length  being  almnt  one 

and  one-half  and  the  width  about 
one-half  that  of  an  erythrm-yte; 
the  pigment  is  collected  toward  the 
center,  which  is  rather  paler  in 
stained  specimens  than  the  i)olps. 
At  first  sight  the  gametes  ai>pcar 
to  lie  free  in  the  plasma,  yet  iu 
stained  specimens  a  rim  or  rib  of 
the  pale  red  cell  may  be  seen  on 
•  the  concave  side.  When  liberated 
from  the  erythrocyte  the  gamete 
becomes  first  spindle-shaped  and 
finally  oval  or  round.  The  male 
creseent  is  short  and  broad,  and 
the  female  relatively  long  and 
slender. 

The  Finer  Stnirlure  of  the  Plasmotlia. — The  finer  details,  which 
are  only  hinted  at  in  fresh  specimens  and  in  those  stained  with  Man- 
son's  stain,  can  be  studied  to  advantage  in  those  stained  with  some 
one  of  the  many  modifications  of  the  Romanowski  stain,  such  as  that 
of  Wright.  Hastings,  MaeNeal   or  Giemsa. 

The  tertian  parasite,  which  lies  in  a  red  cell,  may  be  seen  to  be 
divided  into  a  blue  cytoplasm  and  a  brilliant  red  nucleus,  and  it 
would  be  well  for  the  novice  to  remember  that  these  three  conditions 
must  be  satisfied  before  the  diagnosis  of  malaria  I'an  be  made;  the 
principal  stumhling-lilock  is  the  blood  platelet,  often  found  overlying 
a  red  cell,  but  it,  although  possessing  a  rugged  blue  cytoplasm,  has  al- 


FlQ.     193. — PLAfiMODICM     rALCIPARHM. 

(X  1500.)     (Army  Med.  Sditxjl  Col- 
lection, Washington,  D.  C.) 
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ways  a  relatively  large  purple  nucleus.  The  chromatin  of  the  young 
rings  is  usually  present  as  a  single  dot,  but  two  such  dots  are  fre<iuently 
seen.  In  older  fonus  of  the  tertian  and  quartan  parasites  the  various 
changes  found  in  mitosis  may  be  followed  in  the  nucleus.  The  whole 
schizogenous  cycle  may  be  followed  by  taking  blood  smears  from  a 
single  ease  of  malaria  at  intfirvals  of  three  or  four  hours  for  forty- 
eight  hours  for  tertian  and  a«tivo-aut«imnal.  and  for  seventy-two 
hours  for  quartan. 


Tia.  194. — Pi^ABMODitJM  FALCIPARUM,  .Male  Crescent.    (Army  Med.  School  Col- 
lection. WaKliintcton,  D.  C.) 

Two  f(jniis  of  sporoiits  or  gametes  may  l>t*  seen;  in  one  the  quantity 
of  chromatin  is  large  and  the  cytoplasm  pale  blue,  while  in  the  other 
the  rever.se  is  found,  the  nuclear  chromatin  is  eoui[)aratively  small  in 
quantity  and  the  cytoplasm,  being  rich  in  nutrient  luaturial,  stains 
deepl}'.  The  first  form,  with  abundant  chromatin,  is  the  male,  or 
niieroganu'toeytc,  and  the  latter  the  female,  or  macrogametoeyle.  The 
differentiation  between  schizont  and  sporout  may  be  made  while  the 
parasites  are  still  quite  young;  since  the  schizont  is  characterized  by 
the  presence  of  a  nutrient  vacuole,  and  the  spornnt.  nf  equal  age,  while 
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B  hickinj;  llie  vncuule,  shows  a  greater  amount  of  hemozoin,  which  is 

H  never  concentrated   in   tlie  center  of  the  parasite  but  is  scatlereti 

H  equally  thtoiiiilHiut  the  body.     The  cytoplasm  of  the  sporont  is  less 

■  fluid  than  that  of  the  schizont  and  shows  no  tendency  to  ameboid 
I  UKition.     The  chromatin  is  relatively  lar^e  in  amount  and,  although 
B  broken  up  more  or  less  into  grannies  and  threads,  shows  no  real  ten- 
I  dency  to  sejrment  or  disperse,  but  remains  a  compact  mass. 
I  The  quartan  parasite,  when  stained  with  Wripht's  or  a  similar 

■  preparati(ui.  siiows  <|uite  reg;ular  and  symmetrical  sefrmentation,  oso- 

■  ally  into  eifrht  mcrozuites.  The  distinctiim  between  sehi/.ont  and 
sporont  and  between  male  and  female  gametes  may  be  made  on  the 
same  grounds  as  in  tertian. 

In  a-stivo'-autumnal  fever  the  chromatin  dot  in  the  younp  rinp  is 
often  dinihled,  or  even  trebled,  and  in  general  is  large  and  stains 
brilliantly.    The  adult  and  half-grown  gametes  may  be  differentiated  fl 

Pinto  male  and  female  by  the  criteria  already  given.  H 

The  Examination  of  Fresh  Blood. — Directions  have  already  been  H 
given  (Chap.  LIX)  for  making  wet  preparations  and  if,  by  ringini?  ■ 
the  cover-glass  with  vaseline,  drying  be  prevented,  the  preparations 
will  keep  and  may  he  studied  for  hours.  In  tertian  fever  the  young 
ring  forms  are  at  first  difficult  to  detect,  unless  the  amount  of  light 
going  through  the  microscope  be  cut  down  to  the  minimum.  As  the 
parasite  grows  older,  an  increasing  number  of  hemozoin  grannies  ap- 
pear, and  since  they  are  in  constant  motion  the  parasite  is  readily  de- 
tected. Its  cytoplasm  is  delicate,  and  with  very  young  parasites  is 
difficult  to  distinguish  from  the  red  cell  itself;  older  parasites,  however, 
develoj)  pseudopods,  which  are  constantly  projected  and  retracted,  and 
the  entire  organism  shows  active  movements,  rendering  it  easy  to  see. 
The  pigment  continues  to  increase,  and  in  the  gametes  is  abundant 
and  in  constant  motion ;  the  gametes,  however,  fail  to  show  any  ame- 
boid changes,  and  the  prnto]>lasm  is  stiff  and  rigid  with  a  regular,  un- 
broken margin.  At  times  a  clear  refractile  spot  is  seen,  which  is  the 
nucleus.  The  infected  erythrocyte  is  pale  and  swollen.  Even  in  un- 
stained preparations  the  sexes  may  be  distinguished  ;  the  microgameto- 
cyte  is  about  the  size  of  a  red  cell,  the  cytoplasm  is  hyaline,  and  after 
the  preparation  has  been  made  ten  to  twenty  minutes  the  flagella,  or 
microgametcs.  may  be  seen  thrasiiiug  about  in  the  parasite.  After 
repeated  attempts  four  to  eight  microgametcs  rupture  the  cell  and 
emerge.  The  macrogamete  is  larger  than  a  red  cell  and  is  finely 
granular  and  no  exflaggelation  of  microgametcs  occurs. 
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^V        In  quartan  malaria  the  differL-nces  already  described  in  stained 
^^1    blnnd  may  be  easily  followed. 

^H  In  ii-sfivo-nntumiut!  fm-cr  the  diagnosis  with  fresli  blood  is  much 

^H  more  diflficult  in  new  infections  because  of  the  relative  scarcity  of  the 
1^^  parasites  in  the  peripheral  blood  and  the  exeeediti^dy  small  size  of  the 
young  rings,  the  al)senee  of  lieniozoin  in  tbeni,  and  the  verj'  slight 
ameboid  motion.  Tlie  older  rings  are  larger,  contain  some  pigment 
and  arc  more  easily  seen.  The  infected  erythrocyte  is  never  pale  nor 
swollen,  but,  on  the  contrary,  may  be  shrunken  and  brassy  in  color. 
The  creseentic  gametes  are  readily  detected,  and  the  sexes  may  be 
differentiated  by  their  shape  and  the  hyaline  or  granular  character 
of  the  eyto|>lasm. 

Incubation  Period  of  the  Malarial  Fevers. — Two  methods  have 
been  used  to  determine  this  point — -the  injection  of  infected  malarial 
bliiod,  and  biting  experiments  with  itit'eeted  anophcliues.  By  the  first 
method  the  incubation  period  was  eighteen  days  (the  longest)  for 
quartan,  three  days  (the  shortest)  for  a'stivo-autumnal,  and  ten  days 

for  tertian.  By  the  seeond  method  a^stivo-autumnal  was  nine  to 
twelve  days,  and  tertian  fourteen  to  nineteen  days.  Since  eestivo- 
autumnal  is  (he  oidy  j)aiasite  which  can  complete  its  cycle  in  twenty- 
four  hours,  the  slxtrt  iiieubatiuu  i>eri()d  is  easily  understood;  on  the 
other  hand,  the  long  life  cycle  of  quartan,  seventy-two  hours,  explains 
its  slower  development. 

Clinical  descri[itions  of  the  malarial  fevers  may  be  found  in  the 
standard  text-books  on  medicine,  and  it  is  only  necessary  here  to  refer 
briefly  to  the  various  forms  found  in  practice.  The  classical  malarial 
fever  consists  of  a  series  of  paroxysms,  fctllowing  one  another  with  a 
definite  periodicy,  daily,  every  other  day,  or  every  third  day.  Each 
paroxysm  is  ushered  in  by  a  protiounced  chill,  which  is  sometimes  pre- 
ceded by  malaise,  headache  and  lassitude.  The  chill  lasts  from  ten 
minutes  to  an  hour  or  more,  and  the  patient  wraps  himself  up  in 
heavy  blankets.  During  the  chill  the  temperature  begins  to  rise  and 
within  a  few  hours  reaches  its  high  point,  103°  to  106°,  and  then 
falls  slowly  to  normal  during  the  next  few  hours.  The  decline  of  the 
fever  is  accompanied  by  a  profuse  perspiration.  Successive  parox- 
ysms may  occur  at  exactly  the  same  hour  of  the  day,  or  may  antici- 
pate, febris  anteponens,  or  be  delayed  an  hour  or  more,  febris  post- 
ponens.  The  sequence  of  events,  therefore,  in  a  typical  laalarial 
paroxysm  is  malaise,  chill,  fever  and  sweat,  followed  by  a  period  of 
apparent  well-being. 
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1.  Tertian  malaria  is  distingiiislHMl  In*  n  oliill  and  fever  occurring 
every  otiier  daj',  the  patient  feelinp  ([uite  well  on  fever-free  days.  A 
double  tertian  infection  occurs  not  infrequently,  giving  a  daily,  or 
•  jitdtidiaii,  eliill  and  fever  with  no  free  day. 

2.  Quartan  fever,  which  is  relatively  rare,  gives  a  chill  and  fever 
every  third  day.  with  two  fever-free  days.  In  this  disease  also  there 
may  be  double  or  even  triple  infections,  giving  a  quotidian  or  irreg- 
ular type  of  fever. 

3.  .^stivo-autumnal  fever  (subtertian,  or  malignant  tertian)  shows 
an  irregular  temperature  curve,  the  eyek'  varying  from  twenty-four 
to  forty-eight  hours.  By  some  authors  the  disea.se  is  divided  into 
two  forms,  quotidian  and  tertian;  and  as  multiple  infections  are  com- 
mon the  resulting  fever  curve  may  be  irregular  or  eontinunus  and  the 
chill  entirely  absent.  In  contrast  to  the  regular  intermittency  of  ter- 
tian and  quartan  this  form  is  often  remittent,  the  temperature  cuire 
never  dropping  to  normal. 

4.  Mi.ved  infectious  with  any  two  of  the  above  fevers  are  often 
found  in  bad  malarial  regions  in  the  tropics. 

5.  Latent  malaria  is  also  not  infrcriuent.  in  which  the  patient,  hav- 
ing no  symptoms  of  the  disca.sc,  consults  a  physician  for  some  other 
reason. 

6.  The  carrier  state  is  found  among  natives  or  persons  long  resi- 
dent in  malarial  regions,  and.  aside  from  the  presence  of  a  large  spleen 
and  .some  secondarj-  anemia,  may  present  no  sytnptoms.  It  is  particu- 
larly common  among  native  children,  tramps  anil  vagabonds.  It  is  not 
uncommon  to  tind  fifty  to  one  hundred  per  cent  of  the  children  in  a 
native  village  harboring  the  parasite. 

THE  DEVELOPMENT  OF  THE  HUMAN  MALARIAL  PAEASITE 
IN  THE  MOSQUITO 

{Sexual  half  of  the  life  cycle,  Sporognnie) 
For  this  stage  to  be  successful  the  mosqiiito  mu-st  bite  a  malarial 
patient  with  gametes  in  his  blood,  for  if  the  patient  be  <me  in  the  first 
stage  of  the  disease,  with  only  schi/.onts  in  his  blood,  no  infection  of 
the  mosquito  will  take  place,  since  the  schizonts  all  perish  in  its 
stomach.  On  the  contrary,  if  the  mo8<iuito  takes  blood  from  a  per- 
son who  has  been  ill  with  malaria  for  .some  time,  or  from  an  appar- 
ently healthy  carrier,  the  schizonts  die  as  usual,  but  the  gametes  find 
in  the  mosquito  stomach  for  the  first  time  conditions  suitable  for 
their  further  development. 
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The  various  stages  may  be  studied  by  causing  suitable  species  of 
anopheliuf's  to  bite  persons  with  rtifiny  {rainetes  in  llifir  blood,  niid 
then  ili.ssec'tint;  flic  stomach  and  ol)serving  tlie  chanKPs  whicii  take 
place  there.  The  development  is  visible  in  unstained  spiHjiraens  with 
hiyrh,  dry  lenses.  Sirifp  there  is  no  ('s.si'ntinl  iliflVrvnce  in  the  develop- 
ment of  the  three  forms  of  malaria  in  the  nin.s(|uito,  tiiey  will  be  con- 
sidered together.  The  first  stage  has  already  been  described  in  dis- 
eussins  the  appearance  and  behavior  of  'jairietes  in  fn-sh  blood.  In 
the  mosquito  the  process  may  be  followed  further-,  the  macrogamete, 
freed  from  its  enveloping  red  cell,  projects  a  little  mound  on  its  sur- 
face, and  this  apparently  altracts  the  tnieroirametes  to  its  neighbor- 
hood. Into  thi.s  uiicrophyle  one,  but  never  more,  of  the  tlagella  pene- 
trates, following  which  the  mound  is  instantly  retracted.  The  fer- 
tilized maerogamete,  now  called  «  "zygote,"  soon  develops  the  powei 
of  vermicular  motion,  then  being  called  an  cwkinet,  and  travels  to 
the  wall  of  the  stomach,  and,  like  the  coecodia,  penetrates  an  epithelial 
cell  and  there  eneyst.s,  making  the  oocyst.  This  grows  rapidly  and 
soon  escapes  from  its  host  cell  and  comes  to  lie  in  the  outer  layers 
of  the  stomach  wall,  and  as  it  grows  projects  into  the  body  cavity  of 
the  muS(|uito.  The  nucleu.s  divides  rejieatedly,  always  aecompanied 
by  some  of  the  cytoplasm,  farming  numerous  sporoblast.s,  and  these, 
in  turn,  subdivide  into  innumerable  sporozoites;  these  lust  escape, 
with  the  rupture  of  the  oocyst,  into  the  body  cavity.  From  there 
they  pass  to  all  parts  of  the  mosquito,  but  especially,  perhaps  be- 
cause of  ehemotaxis,  to  the  salivary  glands  and  ducts,  and  when 
next  tlie  mosquito  bites  a  warm-blooded  host  the  sporozoites  enter  the 
blooil  stream  and  start  life  anew. 

Cultivation  of  the  Malarial  Parasites  in  Vitro. — Bass  and  Johns  in 
1911  announced  the  cultivation  of  ii  few  generations  of  Plasmodium 
vivax  iit  vitro  under  sti'ict  anaenibif  conditions.  Ten  e.c.  or  more  of 
blood  from  a  malarial  patient  is  delibrinated  and  distributed  in  small 
test  tubes  in  one  e.c.  quantities  and  to  it  is  added  one  per  cent  of  a 
fifty  per  cent  solutiim  of  glucose.  The  red  cells  settle  so  that  they  are 
covered  with  one-half  cm.  of  scrum ;  the  parasites  grow  in  a  thin  layer 
near  the  top  of  the  cell  mass;  beneath  this  they  die,  or  are  pbagoeyted. 
The  optinnuu  temperature  is  19°  to  40°  C. 

Bass  states  that  he  has  cultivated  all  three  species  of  plasmodia 
by  destroying  the  eoujplement  by  heating  one-quarter  to  one-hnlf  hour 
at  40°  C.  Under  strict  anaerobiasis  it  was  possible  to  transfer  the 
.•ultures  and  to  keep  them  alive  for  twenty  days. 
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H  Transniission  is  sfilcly  liy  vjiriitiis  species  of  nnopliclps  niosi|nilMi<s. 

■  Although  there  are  fifty  or  more  recognized  species,  only  sixtc'-n  have 
H  been  proved  malarial  carriers.  The  more  importaTit  are  Anopheles 
H  <]HarJtimavul<itus  in  the  United  States,  Anophrles  albitnatius  in  the 
H  American  tropics,  Atiophdes  mactiUpeiinis  in  Europe,  Anopheles  sen- 

■  CMSM  in  India,  and  Anopheles  costalis  in  Africa. 

H  Description  of  the  Mosquito. — It  is  impractical  to  pive  more  than 

I  a  hasty  description  uf  mosciuitocs,  and  the  reader  is  referred  to  larpcr 

I  works  on  the  subject  (Howard.  Dyer  and  Enab;  Theobald  or  "Medi- 

I  cal  Entomology,"  Patton  and  Cragg,  London,  Madras  and  Calcutta, 

H  1913).    It  may  be  noted,  however,  that  the  Culicidw,  or  mosi|uitijo8, 

I  belong  to  the  Diptera,  or  two-winged  insects."  They  pass  through  four 

■  distinct  stages  in  their  development,  the  egg,  larval,  pupal  and  adult 

■  or  imago  stage.  The  eggs  are  invariably  laid  in  water  where,  if  the 
H  temperature  is  warm,  they  batch  in  one  to  four  days.     Anopheles 

■  eggs  are  single  and  oval,  supported  on  the  surface  of  the  water  by 

■  ornamental  air  cells;  those  of  culex  are  cemented  together  when  laid 
in  raft-iike  masses. 

The  larvte  are  aquatic  and  die  quickly  out  of  water.     They  are 
both  bottiHu  and  top  feeders,  eat  voraciously,  consuming  algie  and 
other  vegetable  matter,   and  some  varieties  are  cannibalistic.     The 
larva;  are  provided  with  a  breathing  tube  or  respiratory  siphon  i)ro-    ^ 
^B  jecting  upward  from  the  dorsal  surfaoG  at  the  caudal  end,  and  in    H 

^1  breathing  this  is  thrust  upward  to  the  surface  of  the  water  and  the    | 

■^  larva  hangs  suspended  from  the  surface  film.    In  the  anophelines  the 

breathing  tube  Is  short  and  its  angle  with  the  bo<ly  is  such  that  the      m 
larva  lies  parallel  with  the  surface-,  with  culex  and  other  genera  the     f 
body  lies  at  an  angle  with  the  surface.    The  lar\'al  stage  lasts  uliuut 
six  to  fourteen  days,  depending  upon  the  temperature  and  foml  sup- 
ply, and  is  followed  by  the  pupal  stage,  during  which  no  feeding 
occurs;  the  pupa,  however,  needs  air  and  is  provided  with  a  short 
respiratory  tube  at  each  side  of  the  head.    The  habit  of  coming  to  the 
surface  of  tlie  wafer  to  obtain  air,  which  obtains  in  all  mos<|iiitm>8 
except  the  Mansonia,  gives  a  point  of  attack  in  combating  them,  since  a 
layer  of  mineral  oil  on  the  surface  of  the  water  occludes  the  rcspira-     h 
tory  siphon  and  so  kills  them.  | 

The  adult,  or  imago,  emerges  from  the  pupa  when  the  latter  is  one 
to  three  days  old;  the  pupal  ca.se  ruptures  along  its  dorsimi  and  the 
emerging  imago  rests  on  the  floating  pupal  ease  until  it.s. wings  are 
dry.     Since  tliis  is  a  critical  stage  in  its  life  history  and  demands 
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Fia.  195. — CdMi'AiiiHoN  opCiiLEX  (loft)  and  Anopheles  (riKht).  Egfs;  larvje  (note 
poKitiun);  poHilion  uf  in.s<><'ts  at  rest;  nnngs;  heads  shon-inK  antenna)  and  palpi. 
(After  Kdllc  ami  Hctsoh.    Jurdan,  "General  Bacteriology,"  Saunders.) 
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qnii'l  water,  it  is  evident  that  the  least  wave  action  is  fatal  to  llio 

Ill08([uit0. 

'I'ho  nature  of  the  breeding  place  is  characteristic,  to  a  ccrttitn 
extent,  of  eacli  (:cnus  of  culicid<f;  stegoiuyia  {<rdeii  raloijus),  the  car- 
rier of  yellow  fever,  for  example,  is  strictly  domestic  and  breeds  in 
water  jars,  tin  cans,  old  beer  bottles  and  iitlier  artiticiid  eollrctiims 
of  water;  wyeomyia  breeds  exclusively  in  the  fluid  at  the  base  of  the 
leaves  of  air  plants;  (bromeliads)  the  anophelines,  while  domestic  lo 
tile  extent  that  they  live  near  human  habitations,  require  natural  col- 
lections of  water  for  breeding  places,  such  as  sheltered  spots  along  the 
overgrown  banks  of  streams,  temporary  puddles  and  even  in  water  in 
the  footprint*  of  man  and  animals. 

A  projier  classificalion  of  niosfpiitoes  requires  considerable  train- 
ing, but  the  following  points  will  suffice  to  separate  the  anophelines 
from  otiicr  mosquitoes.  On  either  siile  of  the  probascis,  as  seen  nmler 
a  hand  lens,  are  two  pairs  of  organs;  ne.\t  to  the  proboscis  are  the 
palpi,  and  outside  of  these  the  antenna-;  the  latter  serve  to  distinguish 
the  sexes,  the  antennie  of  the  male  being  heavily  ornamented  with  a 
bnsliy,  hairy  investment  (plumose)  ;  the  female  antenniv,  on  the  fon- 
trary,  are  provided  with  relatively  few,  short  hairs,  arranged  in  rings 
at  tlic  joints  (pilose).  In  the  anophelines  the  pal[)i  in  both  sexes  are 
long,  at  least  as  long  as  the  pruhoscis,  while  in  all  other  mos(|uitoes 
they  are  short  in  the  female  or  in  both  sexes.  This  is  the  principal 
dilTerential  point.  The  wing  markings  are  of  some  help,  since  ann- 
piieliue  wings  are  almost  always  spotted.  Quite  characteristic  also  is 
the  position  assumed  by  both  genera  while  at  rest;  among  the  ano- 
phelines the  head,  thorax  and  abdunien  are  all  in  a  straight  line  and 
the  insect  makes  an  angle  with  the  surface  upon  which  it  rests;  while 
the  eulicidiE  are  hump-backed,  the  thorax  and  head  are  bent  on  the 
abdomen  so  that  the  latter  lies  parallel  to  the  surface.  By  these  char- 
acteristics it  is  easy  to  identify  a  mosquito  as  an  anopheline,  but  the 
further  classification  into  species  is  less  simple,  and  works  on  ento- 
mology must  be  consulted. 

The  life  history  of  the  anophelines  is  not  yet  completely  known; 
they  fly  and  bite  at  dusk  and  dawn  and  during  the  night,  and  thus 
differ  from  stegomyia  and  most  other  culicidn?,  which  are  day-time 
biters.  Their  breeding  places  have  already  been  de.scribe<l:  of  special 
importance  are  the  temporary  collections  of  water  in  which  the  larva-. 
unhampered  by  their  natural  enemies,  quickly  reach  maturity  in  lartre 
numbers.    With  abundance  of  food  and  wann  weather,  the  larva'  may 
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refiuire  no  more  than  ten  days  to  coniplote  their  three  molts.  Tlw 
female  alone  siifks  blood,  the  male  liviup  nu  fruit  and  vetji'tahle  juices. 
Egg-laying  does  not  take  place  until  after  a  meal  of  blood,  and  it  is 
possible  that  the  female  journeys  fairly  Inug  distances  to  obtain  this 
food,  and  that  the  first  flight,  from  brceiiiug  place  to  human  habita- 
tions, may  be  longer  than  subse»iuent  flights.  In  general  the  flight  is 
short,  not  over  three  hundred  yards,  and  Gorgas  found,  in  Panama, 
that  a  clearing  of  that  width  about  houses  gave  anip>le  protection. 

The  incubation  period  of  the  parasite  in  the  mosquito  is  about 
twelve  days,  after  which  the  insect  remains  a  carrier  during  the  rest 
of  its  life,  and  as  the  health  of  the  mosquito  is  unatTected,  this  may 
be  for  two  months  or  more. 

Epidemiolo^. — Since  malaria  is  conveyed  solely  by  the  bite  of  an 
infected  auopheline,  the  epidemiology  is  comparatively  simple.  In 
practice,  nevertheless,  the  prevention  of  the  disease  is  extremely  diffi- 
cult; but  it  is  the  same  for  all  forms  of  malaria.  It  must  be  attacked 
from  all  possible  angles  and  the  following  ar^  the  main  points  to  be 
observed ; 

1.  Screened  houses  afford,  perhaps,  the  simplest  form  of  protec- 
tion, and  in  beginning  work  in  a  new,  badly  infected  place,  should 
be  the  first  thing  provided,  since  they  afford  a  place  of  security  in  an 
otherwise  dangei-ous  area,  where  the  workers  may  take  refuge  until 
the  situation  is  under  control.  This  method  alone  has  given  magnifi- 
cent results  in  Italy  (Celli)  since  it  was  fii*st  used  experimentally  by 
Sambon  and  Low  in  the  Ronmn  Cainpagna.  The  screens,  to  be  dur- 
able, must  be  of  bronze  and  not  iron,  and  of  a  fine  me.sh  {'20  strands 
to  the  inch),  and  should  be  placed,  not  on  windows  and  doors,  but  on 
the  outside  of  porches  and  balconies ;  doorways  should  have  screened 
vestibules. 

In  default  of  metallic  house  screens,  bed  nets  may  be  used,  al- 
though they  are  not  very  .satisfactory,  since  one  must  retire  at  dusk 
to  be  protected.  In  default  of  both  screens  ami  bed  nets,  something 
may  be  accomplished,  temporarily,  by  daily  mosfpiito  catching,  and 
in  Panama  the  method  has  given  remarkable  results.  A  native, 
armed  with  a  small  acetylene  lantern  and  a  few  catching  bottles, 
soon  becomes  expert,  and  can  capture  each  day  all  the  mostpiitoes  in 
a  luimber  of  dwellings.  In  thi.s  way  very  few  anophelines  escape  ca|>- 
ture  long  enough  to  become  infective  for  man.  t'hloroform  catching 
bottles  are  easily  prepared  by  packing  a  half  ounce  of  small  rubber 
bands,  cut  up  finely,  into  the  bottom,  and  pouring  in  as  nuich  chloro- 
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form  as  the  rubber  will  absorb  and  covering  it  over  with  tlrj'  blottinflR 
paper.  Tlie  wide-nioutlicd  catching  bottle  is  uncorked  and  inverted 
over  the  resting  iiios<iuito,  wliioh  is  killi'd  by  the  chloroform.  A  con- 
venient trap  battle  has  been  desciibeil  by  La  Prince.  Below  tlie  cork 
is  placed  a  funnel  trap,  making  it  possible  to  pass  from  one  spot  to 
another  without  waitinif  for  the  chloroform  to  act  upon  th*-  uio8<|uito. 

2.  The  second  measure  is  the  preventipn  of  mos(|uitn  brcoling; 
this  is  a  large  but  not  a  hopeless  nndcrtaking,  if  c«tTied  ont  intelli- 
gently. In  the  first  jdace,  it  is  to  be  remembered  that  comparatively 
few  niosiiuitos  are  disease  ''arriera,  and  that  niea.sures  need  be  direettHi 
against  them  only.  It  was  first  shown,  for  example,  by  Gorgaa,  in 
Havana,  that  stegomyia  could  he  practically  exterminated  by  doing 
away  with  water  in  artificial  containers  in  the  neighborhood  of  dwell- 
ings ;  this  so  reduced  their  numWrs  that  when  a  case  of  yellow  fever 
was  introduced  into  a  commtuiity  the  disease  would  not  spread.  In 
the  same  way  malaria-carrying  mosquitoes  may  be  fought,  without 
regard  to  the  presence  pf  non-disease  carriers.  An  accurate  raos(|utto 
survey  js  first  made,  both  by  examination  of  the  catch  of  adults  and 
by  a  hunt  for  larva?  in  collections  of  water  throughout  the  district. 
A  puddle  or  stream  is  examined  by  dipping  with  a  white  saucer  or  a 
lung-handled  dipper,  along  the  margins;  after  a  little  practice  it  is 
possible  to  obtain  any  larviP  which  may  be  present,  and  to  decide  by 
their  appearance  and  behavior  whether  they  are  anophelincs.  It  is, 
of  course,  unnecessarj'  to  waste  time  and  money  destroying  collections 
of  water  free  from  anophclines.  When  the  breeding  places  have  been 
located,  they  may  be  destroyed  by  the  use  of  oil  or  larvacide,  by  drain- 
ing or  by  filling. 

The  use  of  oil  and  larvacidcs,  while  usually  a  temporarj'  measure, 
is,  nevertheless,  of  great  importance;  any  light  fjiel  oil  may  be  used 
by  spraying,  by  mopping  the  sides  of  ditches  or  margins  of  iwinds,  or 
by  a  drip  barrel  at  the  luad  of  a  water  course.  Since  in  the  malarial 
aeason  the  mosr|uito  develops  rapidly  the  oil  must  be  applied  regu- 
larly once  a  week. 

Wherever  po8.sible,  tlie  swampy  areas  and  pools  must  be  drained, 
and  for  this  purpose  both  agricultural  tile  and  open  ditches  may  be 
used;  in  the  tropics  it  is  necessary  to  line  the  latter  with  concrete  to 
prevent  overgrowth  by  rank  vegetation  and  to  protect  the  banks 
against  caving.  Where,  because  of  the  lay  of  the  land,  drainage  is 
impracticable  the  area  may  be  fille^l,  or  sometimes  flooded,  or  irrigatetl 
with  sea  water,  in  which  most  anophclines  do  not  survive.    It  is  better 
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in  the  long  run  to  begin  iu  the  center  of  the  settlement,  with  pcnna- 
ncut  improvements,  working  outwards  as  money  becomes  available, 
and  not  to  depend  on  oiling  exeept  as  a  temporary  measure. 

3.  The  infection  is  kept  alive  in  a  puniniunity  l)y  Ituiiian  carriers, 
and  these  are  esijecially  common  among  natives  and  the  pour  and 
ignorant.  Newcomere  should  not  live  within  five  hundred  yards  of  the 
dwellings  of  these  classes, .as  infected  anophelines  can  easily  travel 
sliorter  distances.  Only  when  it  is  possible  to  protect  the  natives  also 
by  these  measures  is  it  safe  to  live  among  them ;  and  that  this  is  pos- 
sible has  been  shown  many  times,  particularly  in  Panama. 

4.  The  proper  treatment  and  cure  of  all  cases  will  not  only  pre- 
vent relapses  and  the  carrier  state  (malarial  cachexia),  but  is  one  of 
the  most  important  means  of  exterminating  the  disease,  since  every 
neglected  ease  becomes  a  focus  for  new  mosquito  and  in  consequence 
new  human  infections.  It  is  just  as  important  a  part  of  the  preven- 
tion of  the  disease  as  any  other  single  measure. 

5.  Quinine  propliylaxis  is  an  unsatisfactory  measure  which  must 
be  used  by  travelers,  ejcplorers  and  troops.  There  is  no  method  of 
using  quinine  which  will  entirely  prevent  malaria  when  the  chances 
for  infection  are  many;  the  following  methods  have  all  been  used:  (1) 
The  so-called  gram  prophylaxis,  in  which  one  gram  of  quinine  is  taken 
intermittently  everj*  tenth  day  as  the  minimum  to  every  fourth  day 
as  the  maximum.  The  gram  may  be  taken  in  a  single  dose  at  bed-time, 
or  in  four  divided  doses  during  the  day-time.  (2)  The  double  gram 
prophylaxis,  in  which  the  dose  is  taken  on  two  successive  days,  as,  for 
example,  ou  the  tenth  and  eleventh,  or  on  the  fifth  and  sixth.  (3) 
The  half  gram  prophylaxis,  as  proposed  by  A.  Plehn,  was  0.5  gram 
everj'  fifth  day;  experience  has  shown  that  it  is  of  little  value.  (4) 
A  daily  dose  of  0.4  to  0.8  gram  gives  better  results  thau  any  other 
method,  since  the  patient  suffers  less  from  cinclionism  than  when 
larger  doses  are  taken  intermitteutly,  and  takes  his  quinine  more 
faithfully.  The  size  of  the  dose  depends  ou  the  form  of  fever  pres- 
ent and  the  number  of  chances  for  infection;  0.4  gram  will  often 
protect  against  tertian  and  quartan,  while  even  0.8  may  fail  to  pre- 
vent a-stivo-autumnal.  Latent  infections  and  relapses  among  "prophy- 
lacliccrs"  are  common  and  black  water  fever  is  not  an  infre- 
quent sequel. 

G.  Personal  jirophylaxis  by  means  of  head  net.s,  gloves,  suitable 
clothing,  and  the  n.se  of  es.seutial  oils,  such  as  cilronella,  on  exposed 
parts  of  the  body,  is  hel|ifnl  in  emergencies. 
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In  roncluiinn,  it  may  be  affirmed  that  any  district,  no  matter  how 
iiotorioiiii,  may  ht'  freed  from  malaria,  if  neeewity  demand  it  and 
iimrKry  he  forthcomiiifs',  by  means  of  the  above  measures. 

Pfttbology.— 'I'lie  i)ntholo«ical  features  of  the  disease  are  quite  defi- 
nite; at  HiitopRy  there  ia  evidence  of  some  secondary  anemia,  due  to 
I  lie  (lewtnictidii  of  cnormoiiH  numbers  of  erythrocytes;  the  hcmozoin, 
in  woll-iiiurltcd  c.hhi-s,  acciiiniilates  in  the  viscera  until  they  are  eliociv 
bite  or  alate  colored;  the  spleen  is  enlarged  and  friable,  and  the  liver 
iiiiil  kidricyH  iiiuy  show  clontly  swelling.  In  smears  prepared  from  the 
H[(l('fti,  liver,  kidiieys,  brain  and  bone  marrow,  parasites  and  hemozoin 
will  III'  found,  nithduph  the  former  may  not  be  numerous.  The  distri- 
liiilKni  (if  the  pftrnsites  is  usually  unequal,  but  they  are  often  present 
III  llif  Hplecn  iiml  hrnin  in  preatest  numbers. 

The  iiriKi"  "f  the  in^'tiient  has  already  been  described;  it  is  phago- 
cyli'd  Mild  necumulntes  in  tlie  viscera,  but  after  a  time  disappears  in 
ttoiiK'  iiiiUiiiiwn  way ;  its  presence,  therefore,  is  an  indication  of  ma- 
laria in  receni  years.  It  must  be  distinguished  from  hemosiderin,  a 
yclldwiNli  ptiriiiciit  ftnirul  in  tbt>  viscera  after  extensive  destruction  of 
red  liltiiul  cells.  IU'ni<i/.(iin  is  soluble  in  alkalis  and  insoluble  in  acids, 
water,  citlorofortii,  aictilioj  and  ether,  while  hemosiderin  is  insoluble  in 
acids  and  alkalis  but  soluble  in  alcohol.  Both  contain  iron,  yet  the 
former  (hcmozoiti)  dot's  not  give  a  Berlin  blue  reaction,  while  it  is 
prcsotit  with  the  latter. 

The  li>\icocytes,  although  increased  during  paroxysm,  are  soon 
diminished  so  that  Icvicopenia  is  characteristic  of  tlie  disease;  in  addi- 
tion, tluMe  is  a  relative  increase  in  the  mononuclear  leucocytes.  The 
loss  of  hemoglobin  is  very  great,  yet  is  quickly  recovered  from  daring 
convaloaeenc*. 

In  fatal  oaaea  of  aretivo-antiunnal  fever  a  striking  feature  it  the 
preaene*  of  innumerable  infected  red  cells  in  the  capiDatieB  of  the 
brain  or  abdominal  viscera.  A  smear  from  a  pigmented  brain  aagr 
show  a  c«pillttr>-  thrombus  made  up  of  infected  errthrocytea^  moal  of 
then  dmwing  the  sporulating  stage.  In  deatha  after  repoatad  ■■- 
krial  attaeks  the  kidue>-s  will  show,  in  addition  to  the  preatuu  of 
nany  parasitva,  a  marked  chronic  diffuse  nephritis,  oae  of  th»  vaal 
important  8(<quebe  of  the  diseaae. 

Iiiiaity. — The  disease  is  strictly  ecnihied  to 
none  of  the  h>ww  animak  are  auaeeptihle;  tere  appe—  to  he 
ntitl  and  aetinired  imnnnity,  although  it 
MttUianti  the  mnnhcr  of  c^ldren 
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much  greater  than  the  number  of  adults,  yet  the  latter  are  not  abso- 
lutely iniiiuuie;  one  attack  certainly  Rives  no  protection  apiainst  a  new 
infection.  The  evidence  from  different  regions  is  quite  conflicting:  in 
regard  to  immunity  and  has  been  inosi  plausibly  cxiilained  in  (his 
way:  where  the  disease  prevails  throujibout  the  year  tliere  is  a  con- 
stant reinfection  and  under  this  stimulus  the  body  is  able  to  keep  up 
an  imiiumity  strong  enouijh  to  kill  off  the  parasites  before  any  symp- 
toms arise;  in  other  rejiions,  however,  wJiere  malaria  is  a  seasonal  dis- 
ease, the  constant  stimulus  is  lacking  and  there  is  less  evidence  of 
imnumitj'.  It  has  also  been  noted  that  the  tfiree  varieties  of  the  dis- 
ease are  distinct,  and  that  no  immunity  against  the  whole  group  is 
obtained  by  an  infection  with  one  species. 

Since  many  mild  cases  recover  without  treatment,  it  is  apparent 
that  some  little  inunuuity  is  produced  by  an  infection,  yet  it  is  tem- 
porary and  does  not  protect  against  repeated  relapses.  Before  the 
days  of  radical  treat?iicnt  with  (juiuine,  relapses  were  the  rule  and 
were  considered  an  essential  feature  of  the  disease  (Manneberg). 

Clinical  experience  teaches  that  relapses  occur  when  treatment  has 
been  insuRicicnt,  and  espccialiy  after  fatigue,  getting  wet  and  catch- 
ing cold,  or  after  over-heating  in  the  tropical  sun,  and  particularly 
after  a  sea  voyage  or  a  long  journey.  They  may  continue  to  occur 
in  a  region  free  from  ntalaria,  for  about  three  years;  in  a  malarial 
region  it  is  difficult  to  differentiate  between  relapses  and  reinfections. 
They  are  most  frequent  after  quartan,  then  tertian,  and  least  follow- 
ing a'stivo-autuninal. 

The  cause  of  the  relapse  is  still  a  matter  of  discussion;  Schaudinn 
explained  it  as  due  to  parthenogenesis,  the  macrogamete  changing  to 
a  schizont  after  expelling  a  part  of  its  nucleus  and  cytoplasm,  and  so 
starting  a  new  cycle  of  asexual  parasites.  Craig  has  suggested  an 
intra-corpuscular  conjugation  as  the  beginning  of  a  new  crop  of  para- 
sites. It  is  possible  that  the  old  theory,  that  parasites  survive  for 
long  periods  in  the  viscera,  is  correct  and  that  the  relapse  is  brought 
about  by  any  condition  which  temporarily  reduces  the  convalescent's 
immunity,  such  as  fatigue,  etc.  H.  C.  Clark,  in  Panama,  has  exam- 
ined a  large  series  of  placentas  from  apparently  healthy  women  and 
found  that  not  infrecjuently  they  contained  phismodia  in  large  num- 
bers, even  in  the  absence  of  recent  malarial  attacks.  There  was,  evi- 
dently, sufficient  inununity  to  hold  the  parasites  in  check  under  ordi- 
nary circumstances. 
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BLACK  WATER  FEVER 

TJiis  condition  follows  malaria  and  occurs  only  in  malarial  dis- 
tricts, and  by  most  antiioi-itics  is  believed  to  be  a  8e<iuel  of  the  disoaw, 
due  to  some  unknown  factor.  Castcllani  and  Chalmers,  however, 
separate  it  into  three  forms,  symptomatic,  toxic  and  spwific  hemo- 
globinuria, examples  of  which  are,  respectively,  malarial  and  quinine. 
hemofrlohiuuria  and  black  water  fever.  In  none  of  these,  however,  is 
the  etiolofiy  clear;  the  disease  does  not  occur  independently  of  ma- 
laria, an<l  an  attack  may  bo  precipitated  or  apjtravated  i>y  (juinine. 
Leishiiian  has  described  certain  cell  inclusions,  possibly  chlamydozoa, 
as  tlic  cause.     The  etiolopy  is,  at  the  present  time,  far  from  clear. 


TREATMENT  OF  MALARIA 

In  quinine  we  liave  a  true  chemical  specific  for  malaria,  and  when 
given  early  enoujjh  and  in  sufficient  doses,  will  cure  the  disease  with 
certainty.  It  is  usually  given  in  the  form  of  the  sulphate  or  dihydro- 
chlorate,  preferably  iu  solution,  but  niny  be  administered  in  freshly 
prepared  capsules;  pills  and  tablets,  while  convenient,  are  unsatis- 
factory l)ecause  of  their  relative  insolubility.  It  acts  vigorously  on 
the  nierozoites  and  yming  trophozoites,  but  has  almost  no  dire<rt  effect 
upon  the  gametes.  The  size  of  the  dose  depends  on  the  form  of  the 
fever  and  ita  severity.  In  ordinary  cases  five  grains  three  times  a  day 
is  sufficient,  while  in  severe  infections  not  less  than  thirty  grains  a  day 
must  be  given;  the  best  time  is  immediately  after  meals,  without  re- 
gard to  the  time  of  the  chill.  To  prevent  relapses,  the  treatment  of  the 
original  infection  mast  be  thorough,  and  the  patient  should  be  kept 
in  bed,  upon  a  lit.'ht  diet  and  attention  paid  to  the  condition  of  the 
bowels.  During  and  after  convalescence  the  treatment  must  Iw  con- 
tinued for  three  montlis,  though  the  daily  dose  may  be  decrease*! 
gradually,  beginning  a  week  or  ten  days  after  the  subsidence  of  the 
fever.  In  exceptional  cases  a  relapse  will  occur  while  the  patient  is 
still  taking  nuissive  doses  of  quinine,  and  by  some  this  has  been  looked 
upon  as  an  evidence  of  immunity  of  the  parasite  to  the  drug,  but  it  is 
possible  tliat  it  is  merely  due  to  non-absorption  of  the  quinine,  and 
carminatives  should  be  added  to  the  dose  to  assist  in  its  absorption. 


OTHER  MALARIAL  PARASITES 

From  time  to  time  additional   malarial   parasites  have  bi>en  de- 
scribed, only  two  of  which  are  of  any  importance  at  presj-nt : 
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\vwdiuin  vivax,  variety  miiiHdi,  jinrl  Plasmodium  fcnue.  The  former 
■WHR  described  by  Ahmed  Emiu  in  1!H4.  It  resembles  the  usual  ter- 
tian in  general,  but  differs  in  the  following  points;  it  is  smaller,  the 

[infected  erythrocyte  is  not  enlarged,  and  the  number  of  merozoites  is 
gmull  (four  to  ten).  The  pi^'ment  is  fine  and  motility  is  not  marked. 
Jlultiplc  infection  of  the  ery1hroeyte.s  is  not  uneomnion,    Craig  '  de- 

[  scribed  a  similar  parasite  in  1900,  and  he  suggests  that  the  parasite 
has  been  confounded  with  Plasmodium  malariic. 

In  IDH,  Stephens-  described  an  organism  from  one  slide,  wbiuli  he 

I  calls  Plasmodium  tenue.  It  is  said  to  be  deficient  in  pigment,  mark- 
edly motile,  and  rich  in  chromatin.  Since  the  parasite  was  described 
from  one  slide,  it  is  very  doubtful  if  it  can  at  present  be  accepted  as 
a  valid  species. 

Piroplasmids  (Franp). — This  is  a  provisional  fimiilv  beloiifrini!;  to 
the  hemosporidia,  the  type  of  which   is  Babesia   biijcmiintm.  Smith 
and  Kilborne   (pirosoma,  pi- 
rophsma ) ,    the    cause    of 
Soutliern  cattle  fever. 

The  [larasite  was  first  de- 
scribed by  Smith  and  Kil- 
borne in  1889,  and  correctly 
placed  by  them  among  the 
protozoa ;  they  a  Iso  demon- 
stJated  its  transmission  by 
the  cattle  tick,  and  this 
achievement  marks  the  be- 
ginning of  medical  protozo- 
ology. To  the  original  para- 
site, the  cause  of  Texas  fever, 
has,  in  course  of  time,  been 
added  other  forms  until  now 
we  have  a  family  consisting 
of  Babesia  higfminun}.  borif, 

canis,  equi,  oris,  uinlans,  qmulrigeminum,  and  a  closely  related  para- 
site, Theihria  parva. 

Mnrphoffigif. — The  parasites  are  pear-shaped,  round,  oval  or  ame- 
boid,  inhabiting  nianunalian  red  blood  cells,  which  they  destroy  but 


Fig.  196. — Babesia  BitiEMiNrM.   (Army  Med. 
School  CoUection,    W'aBhington,   D.  C.) 


'  Crnig,  ,rnur.  Parasitol.,  Frbnnn   lU.,  1014.  I,  .S8. 

'  Stephcnt,  Proc.  Roy.  8<>c.,  Lond.,  Series  B.  87.  p.  376. 
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without  pmdupiiifr  iii^nieiit.  In  cattle,  slucp,  hoi-si's  aiul  dops,  ff 
freed  hemnglobin  is  excreted  by  llie  kidneys,  produeing  the  diseiise 
variously  known  as  red  water  fever,  Texas  or  Southern  cattle  fever, 
tick  fever,  bovine  malaria,  heniojjlobinuria,  and  others.  The  parasite 
is  small,  two  to  four  microns  long  and  one  to  two  wide,  and  eharactcr- 
istieally  occurs  in  pairs,  the  narrow  ends  being  united.  When  the 
parasite  is  mature  the  two  daughter  eells  separate  and  when  lil>erale«l 
by  the  degenerated  erythrocyte  attack  new  red  cells.  The  pear-shaped 
babesia  enters  a  new  cell  by  its  broad  end,  becomes  rounded  or  ring- 
like,  the!i  ameboid  in  form,  and  finally  the  nucleus  sends  out  a  bud; 
this  divides  into  two  by  forking,  and  as  the  nuclear  matter  continues 
to  grow  each  portion  becomes  surrounded  by  cytoplasm  and  ultimately 
the  two  new  daughter  cells  separate  from  one  another.  Multiple  in- 
fecti(Tns  of  single  red  cells  are  common,  as  many  as  sixteen  pnirs 
having  been  seen  in  a  single  cell. 

Good  preparations  for  clinical  work  are  obtained  by  some  one  of 
the  Konianowski  stains,  but  the  finer  details  of  the  nucleus  and  <•<  II 
division  can  only  be  studied  after  iron  hemotoxylin  staining. 

The  i)arasitps,  with  the  exception  of  Theileria  parva,  do  not  disap- 
pear completely  from  the  blocHl  after  the  animal  recovers  from  its 
ilbicss,  but  remain  indefinitely  in  the  circulation,  and  their  continued 
presence  and  virulence  may  be  demonstrated  by  the  inoculation  of 
non-immune  animals  with  blood  from  an  animal  which  has  recovered. 

Transmission. — Transmission  from  host  to  host  is  by  means  of  ticks. 
Murijaropus  annulntiis  carries  Southern  cattle  fever  in  the  I'niled 
States,  but  other  ticks  are  carriers  in  South  Auieriea  and  the  West 
Indies.  In  general,  each  species  of  bahesia  is  specific  for  a  particular 
animal,  and  each  is  carried  by  a  separate  group  of  ticks. 

Clinical  Observations. — Clinical  observations  have  shown  an  in- 
cubation i)eriod  of  about  fourteen  days;  the  onset  is  with  fever  and 
the  cattle  look  weak  and  ill,  neither  eat  nor  chew  the  cud,  but  stand 
with  sunken  head  and  relaxed  ears.  A  bloody  diarrhea  sots  in 
early  and  the  urine,  which  is  small  in  amount,  is  deep  reil  in  color 
and  contains  much  albumiu.  Tlic  blood  shows  few  pani-sites  at  first, 
but  they  .soon  increase  and  the  number  of  red  cells  falls  rapidly.  The 
mortality  varies  in  different  epidemics  from  five  to  sixty  per  cent, 
hut  has  been  as  high  as  ninety  in  some  herds.  Young  cattle,  under  a 
year,  have  a  mild  form  of  the  disease,  and  remain  thereafter  immune. 

The  treatment,  once  the  disease  has  ai>peared,  is  unsatisfactor>', 
since  we  have  no  specific,  but  much  may  be  done  by  prophyla.xis. 
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Quarantine  of  cattle  from  infected  refrions  is  absohitely  necessary  to 
piTvcnt  tlic  spread  of  the  disease,  siiiee  all  iiiitiiuiic  atiiinals  are  also 
narrierH.  Young  animals,  between  nine  and  twelve  months  of  age, 
may  be  inoenlated  with  the  blood  of  those  whieh  bave  recovered,  five 
to  ten  c.e.  being  {liven  in  a  single  dose;  tbe  disease  lasts  two  to  three 
days,  and  the  mortality  is  not  great,  as  eighty  to  ninety  per  cent  of  the 
inoculated  animals  recover  and  remain  immune.  Inoeulation,  bow- 
ever,  is  a  measure  of  doubtful  value  and  some  means  of  tick  eradi- 
cation should  be  used  if  the  disease  is  to  be  permanently  stamped 
out 

lAfe  History  of  the  Tick  (Margaropus  annulatus)^ 

The  tick's  life  is  divided  into  two  stajzes,  one  part  passed  on  cattle 
and  another  part  passed  on  the  ground.  The  mature  female,  as 
found  on  cattle,  is  about  half  an  inch  in  length,  plump  and  olive  green. 
When  fully  engorged  with  blood  from  its  bust,  it  drops  to  tbe  ground, 
seeks  a  sequestered  hiding  place  and  if  it  escapes  birds,  ants  and 


Fio.  ly/. —  liiE  1'exas  Fever  Tick  (Afargaroptts  aniiulalut).    (Rosenau,  "IH^ven- 
live  Medicine  and  Hygiene.") 

Other  enemies,  begins  after  a  few  days  of  warm  weather  to  lay  eggs. 
These  are  small,  elliptical,  at  first  light,  later  dark  brown,  and  are 
cemented  together  in  irregular  nm.s8eH  l»y  a  sticky  secretion;  in  num- 
bers tbey  vary  from  a  few  hundred  to  more  than  five  thousand  for 
each  female.  Tbe  female  tick  dies  in  a  few  days  after  the  egg-laying 
has  been  completed.  The  eggs  soon  hatch  (after  nineteen  days  in 
summer  to  one  hundred  and  eighty-eight  in  winter)  and  a  small,  oval. 


'  Farmers'  BuU.  No.  498,  V.  S.  Dt>pt.  of  Agri. 
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six-legrged  larva  or  seed  tick  appears,  and  promptly  climbs  up  on  the 
nearest  vegetation,  crass,  wei'ds  or  bushes  to  lie  in  wait  for  a  warm- 
blooded host.  Althoujih  while  on  vegetation  seed  ticks  do  not  take 
food  nor  grow,  their  etidnranee  is  great,  and  during  the  colder  parts 
of  the  year  they  may  live  for  eight  montiis.  The  next  staue  begins 
after  the  seed  tick  has  foiuid  a  host,  when  it  sucks  blood,  increasing 
in  size  and  soon  (five  to  twelve  days)  molts  and  a  new  form,  the  eight- 
legged  nymph,  appears.  In  five  to  eleven  days  more  a  second  molt 
occurs  and  the  tick  is  then  sexually  mature  and  males  can  be  di»- 
tingnished  from  femali's.  The  female  does  not  move  about  on  the 
animal,  but  the  male  seeks  her  out,  and  after  fertilization  growth  goe» 
on  rapidly  until  the  engorged  female  drcps  to  the  ground.  To  sum- 
marize: On  the  ground  is  the  engorged  female,  the  eggs  and  seed  ticks; 
on  the  animal  is  the  seed  tick,  tlie  nymph,  the  sexually  mature  adult 
and  finally  the  engorged  female.  The  infected  female  tick  transmits 
the  babesia  to  the  larviB  through  the  eggs,  but  does  not  herself  bite 
nor  convey  the  disea.se  directly  to  another  animal. 

It  is  evident  that  the  tick  may  be  attacked  in  the  pasture  or  on 
the  cattle.  Pasture  rotation  is  one  of  the  methods  recommended  by 
the  Agricultural  Department,  and  it  rests  upon  the  fact  that  all  the 
ticks  will  die  from  starvation  in  an  unused  pasture  in  from  six  to 
twelve  months,  varying  with  the  climate,  the  shorter  period  holding 
true  for  warmer  localities.  By  changing  pastures  a  farm  may  be  freed 
of  ticks  in  four  and  a  half  or  eight  months,  depending  on  the  plan  fol- 
lowed. For  economic  reasons,  lack  of  sufficient  pasture  land,  ct/?.,  this 
plan  has  not  been  widely  adopted.  A  second  plan,  that  of  dipping, 
has  been  more  successfid.  The  cattle  are  driven  through  a  large  dip- 
ping vat  at  intervals  of  two  %vecks  (never  more  than  three  must 
elapse)  until  they  and  the  pa.sture  are  free  from  ticks.  The  duid  in 
the  dipping  vats,  is  an  alkaline  solution  of  arsenic;  oil  dips  are  little 
used  at  present.  Arsenical  dips  are  cheap,  easily  prepared  and  effi- 
cacious, two  or  at  most  three  dippings,  at  ten-day  intervals,  being  suf- 
ficient to  free  heavily  infected  cattle,  and  if  they  can  then  be  put  on 
tick-free  pastures  the  problem  is  solved.  If  no  tick-free  pastures  are 
available,  dipping  nuist  be  continued,  as  above,  until  the  animals 
remain  permanently  free. 

The  prevention  of  tick-borne  disease  is  to  be  solvitl,  therefore,  by 
tick  eradication,  and  experience  in  the  Southern  states  has  shown  this 
to  be  a  practical  measure. 
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SUB-CLASS— NEOSPORIDA 
SARCOSPORIDIA 

These  organisms  belong  to  the  sub-class  Neosporidia  of  the  Sporo- 
\toa,  because  the  spnre  foniiation  coniiiicm-es  before  the  cotnpletion 
[of  growth.  Thuy  have  been  known  since  1843,  when  Miescher  dis- 
covered "tubes"  in  muscle  fibers,  visible  to  the  naked  eye  as  fine, 
white,  opaque  filameuta.  They  have  been  found  in  deer,  cattle,  sheep, 
Bwine,  rabbits  and  man,  and  occasidnally  in  birds  and  reptiles.  Al- 
though long  known,  our  knowledge  of  them  is  still  defective.  In  sheep 
they  are  the  cause  of  severe  epizootics,  and  in  mice  they  are  fatal: 
otiierwise  they  seem  to  be  harmless  parasites  and  in  rare  instances 
have  been  accidentally  found  at  autopsy  in  man. 

The  method  of  transmission  is  not  definitely  known.  Theobald 
Smith  was  able  to  infect  mice  with  Sarcocystis  nniris  by  feeding  mus- 
cles from  infected  mice,  and  Darling  was  able  to  infect  guinea-pigs 
in  the  same  manner.  In  nature  it  is  probable  that  infection  occurs 
through  the  intestinal  tract.  They  are  exceedingly  common  in  some 
localities  and  may  be  seen  in  most  abattoirs;  they  have  been  found  in 
ninety-eight  per  cent  of  swine,  ninety-eight  per  cent  of  sheep,  and 
commonly  in  deer  and  mice. 

To  the  naked  eye  they  appear  as  whitish,  opaque,  cylindrical  bod- 
ies in  the  muscles  lying  parallel  to  the  fibres.  In  the  sheep,  Sarcocyiitis 
tcitflta  reaches  a  length  of  sixteen  mm.,  and  in  the  deer  cysts  of  fifty 
mm.  are  found.  In  structure  the  "tube"  is  seen  under  the  microscope 
to  be  composed  of  many  sickle-shaped  spores,  called  Rainey's  cap- 
sules. The  tube  has  not  a  single  cavity  but  a  honey-eomb  or  alveolar 
structure,  and  the  spores  are  found  in  smalt  nggregaticms  in  the  cham- 
bers, completely  walled  off  from  one  another.  The  tube  itself  has  a 
hea^y  striated  wall,  either  secreted  by  the  organism  or  composed  of 
altered  muscle  fiber  of  the  host.  The  spores  are  sickle  or  kidney- 
shaped  and  vary  both  among  themselves  and  with  the  host.  They 
contain  a  nucleated  trophozoit,  and  at  one  pole  either  a  clear  or  an 
obliquely  striated  body. 

Laveran  and  Mesnil  (1899)  obtained  a  toxin  from  Snrcocijstis 
tenclla  and  named  it  sarcocystin.  Darling,  working  in  Panama,  found 
this  organism  in  the  biceps  muscle  of  a  negro  from  Barbados. 


CHAPTER    LVIII 

CLASS  IV— INFUSORIA 
SUB-CLASS— (CILIATA) 

This  class  is  sharply  distinguished  from  all  other  protozoa  by  the 
presence  of  nninerous  cilia,  distributed  in  various  ways  over  the 
ectoplasm,  which  serve  as  orfraus  of  locomotion,  and  hy  the  presence 
of  two  or  more  nuclei.  They  fall  into  two  classes,  the  ciliata,  which 
are  provided  with  cilia  duriii<;  the  entire  life  cycle,  and  the  suctoria, 
which  lose  their  ciliu  oti  entering  the  adult  stage;  the  latter  are  of 
no  interest,  since  none  are  holozoic. 

Only  one  of  the  ciliates  is  of  importance  in  medicine,  Balantidium 
coli.  Baloiitidium  and  Nyctothcnis  faba,  having  hcen  reported  only 
once  in  man  by  Scharidinn,  are  too  rare  to  be  considered  here. 


BALANTISnrU  COLI  (Halstan) 

This  parasite,  first  described  in  1857,  is  commonly  found  in  the 
lower  intestinal  tract  of  swine;  while  usually  harmless,  it  may  cause 
a  moderate  mortality  in  them  from  subacute  and  chronic  dysentery. 
It  has  fref)nently  been  reported  as  present  in  man,  and  is  readily 
diagnosed  on  examination  of  the  stmils. 

The  organism  is  mueh  like  Paramecium  and  is  actively  motile  when 
obtained  from  fresh  stools,  or  from  scrapings  from  the  ulcerated 
cecum  at  autopsy.  The  body  is  ovoid  and  rather  stumpy  toward  the 
anterior  end,  distinguished  hy  the  triangular  peristome;  average 
measurements  are  about  eighty  by  sixty  microns.  The  ectoplasm  is 
covered  with  thick,  parallel  bands  of  active  cilia,  giving  the  animal 
a  striated  appearance;  the  macronucleus  is  kidney  shaped  and  lying 
close  to  it;  the  micronucleus  may  usually  be  disliniruished.  At  one 
side  of  the  organism  are  found  two  contractile  vacuoles,  and,  in  the 
etidfiplnsm,  food  vacuoles  and  fat  droplets. 

Multiplication  in  its  siinplest  form  consists  of  binary  division. 
though  conjugation  also  occurs.     In  the  feces  of  the  host  encyste<l 
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forms  are  common,  and  by  means  of  these  the  infection  is  transferred 
to  new  hosts. 

Although  long  believed  to  be  harmless,  pathological  lesions  have 
been  found  by  Strong  and  others  in  man  and  monkeys,  consisting  of 


Pio.  198. — Balantidhtm  cou  in  a  Folliclk  of  the  Colon,  BnEAKiNQ  Throdoh 
THE  Mucosa.    (Army  Med.  School  Collection,  Washington,  D.  C.) 

thickening  and  ulceration  of  the  infected  intestine,  with  penetration 
of  the  balantidium  through  the  gut  wall  to  the  subserous  layer.  Exten- 
sive lesions  may  be  found  at  autopsy,  even  in  the  absence  of  a  his- 
tory of  dysentery  or  diarrhea. 

CHLAMYDOZOA 

There  is  a  small  group  of  very  minute  intracellular  organisms 
which  are  believed  by  many  to  be  protozoa,  and  for  them  von  Pro- 
wazek  has  created  the  cla.sa  named  "chlaniydozoa. "  lie  believes  thnt 
such  organisms  i)roduce  smallpox,  vaccinia,  liydrophobia,  trachoma, 
scarlatina,  Molluscum  contagiosum,  avian  plague,  the  contagious  epi- 
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thelioma  of  birds,  hoof  and  itiouth  disoase,  jaundice  of  silk  wonus 
and  others.  The  delicate  orfjanianis  are  first  noticed  as  tine  dots  of 
chromatin  lying  in  the  cyl(jp!asin  of  the  infecte*!  cell  (the  so-calltH] 
elementary  bodies).  When  larger  they  are  called  initial  bodies  and 
are  believed  to  set  up  a  reaction  in  the  cell,  which  caiLses  an  extru- 
sion of  the  plastin  from  the  nucleus;  this  envelops  the  initial  bodies 
like  a  mantle,  hence  the  name  "chlamydozoa,"  from  the  Greek  stem 
"chlaniys,"  meaning  mantle.  Inside  of  this  covering  they  multiply, 
in  some  instances  invading  the  nucleus. 

Their  very  existence  is  a  matter  of  dispute,  yet  at  the  present  time 
the  consensus  of  belief  is  that  they  constitute  a  group  of  parasites 
and  are  not  merely  forms  of  cell  inclusions  or  degenerations. 

Nogouchi '  has  shown  that  in  triiclioma  these  organisms  may  be 
found  alone  without  any  other  pathofrentc  organisms  being  present, 
and  that  they  may  be  transferred  to  the  conjunctiva  of  the  baboon 
and  higher  apes,  producing  a  mild  form  of  the  disease.  Smears  of 
the  exudate,  ttikcn  from  the  infected  animals  and  stained  with  Giemsa, 
show  cell  inclusions  without  the  presence  of  bacteria. 


I 


'  Nogouchi,  Jour.  Exp.  Med.,  N.  Y..  1015,  xxii,  304. 


CHAPTER   LIX 


TECHNIQUE  OF  BLOOD  EXAMINATIONS  FXJR  PROTOZOA 


Slides  and  cover  glasses  must  be  scnipnlonaly  clean,  and  are  best 
kept  in  covered  glass  jars  which  are  (iust-prdDf.  For  most  purposes 
stained  preparations  on  slides  are  satisfactory  and  much  easier  to 
handle  tJian  cover  glasses. 

In  all  investigations,  both  wet  and  dry  preparations  should  be 
made;  some  practice  is,  of  course,  necessary  to  obtain  satisfactory  ones, 
thin  enough  to  show  details.  As  Manson  says,  in  looking  for  dates 
on  coins,  one  would  not  pile  one  coin  on  top  of  another;  so,  in  search- 
ing blood  cells  for  parasites,  it  is  necessary  to  have  the  cells  lying 
flat,  and  in  a  single  layer.  Wet  preparations  are  made  with  a  drop  of 
blood  not  inueh  larger  than  the  head  of  a  pin,  on  which  a  cover  glass 
is  dropped,  and  gently  pressed  down;  it  is  advantageous  to  lute  the 
margin  of  the  cover  glass  with  warm  vaseline  (warmed  by  holding 
the  camel 's  hair  j>cucil  over  a  flame  for  a  few  seconds)  to  prevent 
evaporation  and  conseijuent  currents  under  the  cover  glass.  A  prop- 
erly sealed  wet  preparation  may  be  examined  at  intervals  during  sev- 
eral days,  and  this  is  often  neces-sary  in  studying  movements  and  the 
life  cycle.  Malarial  parasites,  trj'panosomes  and  others  are  quickly 
detected  by  their  movements. 

Stained  preparations  are  necessary  for  the  study  of  details  of 
structure,  and  for  clinical  work  are  invaluable,  since  smears  may  be 
collected  at  the  bedside,  and  examined  later  at  home,  either  by  day- 
light or  artificial  light.  In  general,  a  one  hundred  watt  concentrated- 
filament  nitrogen  bulb  will  be  found  the  best  source  of  illumination 
for  the  study  of  both  living  and  stained  protozoa.  The  Welsbach 
mantle,  acetylene  gas  or  even  a  kerosene  lamp  are  satisfactory  sub- 
stitutes. At  times  a  color  screen,  made  by  interposing  a  round,  glass 
fla.sk,  filled  with  dilute  copper  sulphate  solution,  between  the  light  and 
the  mirror,  will  prove  advantageous.  It  is  particularly  in  the  South 
and  in  the  tropics  tliat  artificial  illumination  has  been  most  valuable. 

To  prepare  stained  preparations,  a  anuill  drop  of  blood  from  the 
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ear  is  placed  on  a  slide  near  one  end,  while  with  another  clean  sJiile 
the  spread  is  made  by  hotdinp  its  narrow  end  in  the  drop  until  the 
blood  has  flowed  between  the  two,  and  then  pushing  the  spreader,  or 
second  slide,  held  at  an  anfrle  of  about  45°,  toward  the  opposite  end 
of  the  first  slide.  The  drop  of  blood  follows  closely  behind  the 
spreader,  and  the  thickness  itf  the  film  may  be  varied  by  ehanpntr  the 
angle  of  the  spreader.  The  thin  film  of  blood  dries  ipiickly  in  Uie 
air.  It  is  never  fi.\ed  in  the  flame,  but  always  in  methyl  alcohol  or  in 
the  stain  itself. 

Many  varieties  of  blood  stains  have  been  proposed,  but  the  simplest 
and  best  are  those  of  Wright  and  MacXeaL  Wright's  stain  is  pre- 
pared as  follows: 

Dissolve  0.5  gm.  of  sodium  bicarbonate  in  100  c.c.  distilled  water, 
and  add  1  gm.  of  methylene  blue  (firuebler).  Any  of  the  methylene 
blues  of  ttruebler  known  as  "BX,"  Koch's  or  Ehrlich's  rectified  may 
be  used.  It  seems  to  be  important  that  the  bicarbonate  of  soda  be  all 
dissolved  before  adding  the  nietliylene  blue. 

The  mixture  is  next  to  be  steamed  in  an  ordinary  steam  sterilizer 
for  one  hour,  counting  the  time  after  "the  steam  is  up."  The  heating 
should  not  be  done  in  a  pressure  sterilizer,  or  in  a  water-bath,  or  in 
any  other  way  than  as  stated.  This  steaming  of  the  alkaline  solution 
of  methylene  blue  effects  certain  changes  in  the  methylene  blue  where- 
by a  polychromatic  quality  is  given  to  it,  so  that  the  compound  with 
eosin,  which  is  later  to  be  formed  with  it,  has  the  property  not  only 
of  differentially  staining  the  chromatin  of  the  malarial  parasite,  but 
also  of  difTercntiating  and  bringing  out  more  sharply  the  nuclei  and 
granules  of  the  white  blood  corpuscles. 

When  the  steaming  is  completed,  the  mixture  is  removed  from  the 
sterilizer  and  allowed  to  cool,  the  flask  being  placed  in  cold  water  if 
desired.  W'hen  it  is  cold,  without  filtering,  pour  it  into  a  large  dish 
or  flask,  and  add  to  it,  stirring  or  shaking  meanwhile,  a  suflieient 
quantity  of  a  1:1000  solution  of  eosin  (Gruebler,  yellowish,  sohible 
in  water)  until  the  mixture,  losing  its  blue  color,  becomes  purpli.sh, 
and  a  scum  with  yellowish  metallic  luster  forms  on  the  surface,  while 
on  close  inspection  a  finely  granular  black  precipitate  appears  in 
suspension.  This  will  nipiire  about  500  c.c.  of  the  eosin  solution  for 
100  c,c.  of  alkaline  methylene  blue  solution.  (The  proper  amount 
of  eosin  to  add  may  be  determined  by  placing  a  drop  of  mixture  on 
white  filter  paper,  and  adding  eosin  until  the  blue  spot  shows  a  dis- 
tinct halo  of  pink.) 
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The  precipitate  is  collected  on  a  filter,  and,  without  washing,  is 
allowed  to  dry  thereon ;  when  thoroughly  dry,  dissolve  this  precipitate 
in  pure  methyl  alcohol  in  (he  proportion  of  three-touths  of  a  gram  to 
one  hundred  cubic  centimeters  of  alcohol.  This  alcoholic  solutoin  is 
the  staining  fluid. 

MacNeal '  has  shown  that  both  methylene  aznre  and  methylene 
violet  participate  in  the  nuclear  staining,  and  that  an  excellent  stain, 
equal  to  any,  may  he  made  directly  by  mixing  the  pure  dyes  accord- 
ing to  the  following  formula: 

Solution  A.     Methylene  azure 0.3  gm. 

Methylene  violet   (Bernthsen's,  insoluble  in 

water)    0.1 

Methylene  blue   2.4 

Methyl  alcohol,  pure  (Merck's  reagent) 500.0 

Solution  B.     Eosin,  yellowish,  water  soluble 2.5 

Methyl  alcohol,  pure .500.0 

These  stock  solutions  will  keep  for  at  least  a  year.  They  are  mixed 
as  needed  in  equal  parts,  and  diluted  by  the  addition  of  25  c.c.  of 
methyl  alcohol  to  each  100  c.c.  of  the  mixture.  The  mixture  will 
keep  for  several  months. 

The  method  of  staining  is  the  same,  whatever  methyl  alcohol  .stain 
be  used.  The  cover  glass  or  slide  is  flooded  with  the  slain,  whieh  is 
allowed  to  act  for  one  minute;  next,  as  much  distilled  water  is  added, 
drop  by  drop,  as  the  slide  will  hold,  or  until  a  yellowish  metallic 
soum  is  formed  on  the  surface,  and  the  mixture  is  allowed  to  act 
from  three  to  five  minutes.  A  convenient  staining  dish  is  made  by 
laying  a  pair  of  glass  rods  on  top  of  a  flat  oblong  dish ;  the  rods  may 
be  held  in  place  with  adhesive  plaster  or  perforated  strips  of  wood. 
Fixation  is  accomplished  by  the  undiluted  solution,  but  the  actual 
staining  does  not  occur  until  water  is  added ;  by  repeated  washing  in 
distilled  water,  any  desired  dift'erentiation  may  be  made. 

It  is  sometimes  convenient,  when  searching  for  malarial  parasites 
in  clinical  cases,  to  stain  as  follows : ' 

Use  four  bottles  or  Coplin  jars;  in  the  first,  put  the  undiluted 
stain,  and  in  it  immerse  the  slide  for  one  minute;  in  the  second,  put 
distilled  water  and  transfer  the  slide  to  it  for  four  or  five  minutes; 

'  MacNeal,  Jour.  Inf.  Dis.,  Chicago,  1906,  iii,  412. 
»  Russell,  F.  F.,  Jour.  Amer.  Med.  Ass.,  Chicago,  1915,  Ixiv,  2131. 
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in  the  third  jar  put  diluted  Manson's  stain,  about  0.5  c.c.  to  50  c.c. 
water,  and  in  this  the  smear  remains  one-half  minute;  in  the  fourth 
bottle  or  tumbler  put  distilled  water,  in  which  the  slide  is  washed 
quickly  and  then  dried.  Tlii.s  method,  for  the  average  man,  is  more 
economical  and  simpler  than  the  open  method.  Stainetl  smears 
examined  directly  in  immersion  oil  without  the  use  of  cover  glaas.  i 

Manson's  stain  is  prepared  jus  follows: 

Two  grams  of  methylene  blue,  medicinally  pure  (Hochst),  is 
added  to  100  c.c.  of  a  boiling  5  per  cent  solution  of  borax.  This  stain, 
though  not  permanent,  will  last  a  long  time.  It  is  used  chiefly  for 
the  diagnosis  of  malaria.  It  is  diluted  before  use.  Stain  for  ten  to 
fifteen  seconds. 

When  parasites  are  few,  as  in  latent  malaria,  thick  films  may  be 
used,  as  first  proposed  by  Ross.  A  large  drop  of  bloixl  is  spread 
thickly  on  the  side,  with  the  needle  or  pen  used  in  puncturing  the 
ear;  after  drying,  it  is  put  into  (1)  95  per  cent  methyl  alcohol  to  which 
1  per  cent  of  hydrochloric  acid  has  been  added,  until  the  smear  has 
been  hemolized;  (2)  it  is  then  thoroughly  washed  in  running  water, 
(3)  and  then  stained  in  the  usual  way  with  a  methyl  alcohol  stain. 
Although  the  method  takes  considerable  practice,  it  is  a  valuable  pro- 
cedure. 
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by  WeillHalie  and  Lemarre,  300 

574 

passive,  30(1 

in   milk.   707 

phenomena  of,  296 

infection   with,  672 

"phenomenon  of  Arthus"  in,  297 

by  inhalation,  572 

proteid   injections   in,   295 

cutaneous,  572 

i                  mode  of  giving,  208 

pulmonary,  573 

1                  quantity  of,  208 

spontaneous,  672 
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433 
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bacilli  of  typhoid-like  morphology 
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difTerpntiatiiin  itf,  from  typhoid  and 

cholera   infantum   attributed  to,   394 

i                      colon  groups,  428 

cholera   nostras  attrilmtcd   to,  304 

by  cultural  characteristics,  428 

cultivation    of,    390 

by  morphology.  428 

differentiation  of,  from  meatpoison- 

by  motility,  428 

ing  and  panityplioid  bacilli,  428 

"IifterogenoUB  types"  of,  430 

distribution   of,  391 

hog-cholcra  bacilli  in'  430 

in  animals,   392 

meat-poisoning  buoilli  in,  430 

in  feces,  177 

1                  Bacillus  enteritidiH   in,   420 

in  man,  392 

'                  Bacillus  icternidea  in,  430 

in  milk.  391 

Bacillus  Morsecle  in,  4,30 

in  nature,  391 

paratyphoid  bacilli  in,  430 

in  water,  696 

Bacillus   psittacosis   in,  430 

immunization  with,  395 

"JIUlltT"  hacilluB,  431 

inflammatory  conditions  of  liver  and 

paracolon  bacillus  in,  430 

gall-bladder  attributed  to,  305 

"Sepman"  bacillus,  431 

isolation  of.  391 

pathogenicity  of,  431 

morphology  of,  389 

toxic  products  of,  431 

pathogenicity  of,  393 

Bacillus,  37 

peritonitis  following  perforation  at- 

general description  of,  0 

tributed  to,  394 

"heterogenous  types"  of,  430 

septicemia  due  to,  394 

nonpathogenic  type  of.  430 

staining  of,  389 

Bncillus  aSrngencs  capaulatus,  471 

toxic  products  of,  395 

and   pernicious   anemia,   177,  474 

varieties  of,  397 

classification  of,  472 

Winckcl's  disease  in  the  newborn  due 

1             isolation  of.  474 

to,  304 
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Bacillus    diphtheria.      See    Diphtheria 

bacillus 
BacillUB  entpritidis.  discovery  and  char- 
acteristics of,  429 
Bacillus   fecalis  alkaligcnes,  427 
differontiatiun  of,  from  typhoid   ba- 
cillus, 427 
in    feces.    177 
Bacillus    HofTmanni.      Hee    Diphtheria 

hnoillus,  bacilli  similar  to 
Bacillus  icteroidcs,  430 
Hnrillus  influenza.     Hee  Influenza   ba- 
cillus 
Bacillus  Inctis  a^rogenes,  453 
cultivation  of,  453 
raorpbologj-  of,  453 
occurrence  of,  453 

in  feces,  177 
pathogenicity  of,  454 
Bacillus   leprep.     Hec  Leprosy 
Bacillus  mallei,  528.    See  alto  Glanders 
biological  characteristics  of,  530 
cultivation  nf,  528 
immunity  against,  536 
niorpholnpy  of,  528 
pathogenicity  of,  530 

bacteriological  diagnosis  in,  632 
in   horses,  530 
in  man,  S32 
nodules  in,  532 
spontaneous   infection  by,  530 
staining  of.  528 
toxin   of,   532 
action  of,  5.')3 
diagnostic  use  of,  533 

directions  of  V.  S.  Government 
for.  534 
ohtaining  and  preparation  of,  633 
Bacillus    melitensis.     See    Micrococcus 

melitensis 
Bacillus  mescntericuB  in  feces,  177 
Bacillus  Morseele,  discovery  and  charac- 
teristics of,  430 
Bacillus  mucosus  capsulatus,  447 
association  of,  with  pneumonia,  480 
association   of,    with    other    diseases 

of  mucous  linings,  450-451 
cultivation  of,  448 


IKDEX  OF  SUBJECTS 


Bacillus  mucosus  tapsulatus,   cultural 
characteristics  of,  440 
Fitzgerald's  work  on  elasstfication  of, 

450 
immunization  against,  451 
inoculation  of  animals  with,  451 
morphology  of,  447 
pathogenicity  of,  450 
staining  of,  448 
rtacillus  murisepticua,  542 
Bacillus  ozieniE,  452 
Bncillus  pestis.     See  Plague  bacillna 
Bacillus        prodigiosus,        quantitative 

chemical  analysis  of,  21 
Bacillus  proteu.«i,  455 
Bacillus  proteus  vulgaris,  454,  456 

cultivation  of,  455 
Bacillus  proteus  mirabilis,  455 
Bncillus  proteus  zenkeri,  455 
Bncillus  proteus  zopfi,  465 
Bacillus  psittacosis,  430 
Barillu.i  pyocyaneus,  577 
antitoxin  against,  580 

products  of,  199 
cultivation  of,  577 

favorable  conditions  for,  677 
pigment  in,  578 

fluorescent  variety  of,  579 
pyocyanin  in,  578 
immtiniiation  against.  580 

nitrates  of  old  cultures  in,  580 
pyocyanase  in,  580 
true  toxin  in,  580 
morphology  of,  577 
occtirrence  of,  in  lesions  and  inflnm 

mntnry  affections,  679 
pathogenicity  of,  579 
staining  of,  677 

susceptibility  of  animala  to,  680 
toxins  of,  680 
leucocyte-destroying     ferment     in 

681 
pyocyanase  in,  680 
pyocyanolysin  In.  580 
true,  580 

from  filtrates  of  old  eulturet. 
virulence  of,  679 
Bacillus  radicicols,  66 


Bacillus  radicosus,  575 
Bacillus  rhusiopathic,  542 
Bac-illus  smegmatis.     See  Smegma 

citluB 
Bacillus  gubtilis,  576 
Bacilluii  suisepticus,  553 
Bacillus  tetani.     See  Tetanus,  bacillus 

of 
Bacillus  tuberculosis.    See  Tubercle  ba- 
cillus 
Bacillus  typhi  abdominal  is,.  399 
Bacillus  typhi  murium.  430 
Bacillus  typhosus.     See  Typhoid   fever, 

bacillus  of 
Bacillus    xerosis.     See    Bacillus    diph- 
theria?, bacilli  similar  to 
Bacteria,     Sec  aliio  Bacterial  cell 
acid  and  alkali  formntion  by,  ISO 
acid-fast  stains  for,  104 
action  of.  in  the  body.  184 
analwlic    or    synthetic   activities    of, 
64 
in  root  tubercles,  65 
in  soil,  34 
animal  experimentation  with,  100 
antagonism  of.  30,  31 
biological  activities  of,  40,   104 
chemical  ngenta  injurious  to,  73.      See 

alto  Oii<infectants 
classes  of,  182 
bacilli,  9 
cocci,  0 
spirilla.  9 
classification  of,  35 

based  on  organs  of  motility,  IS 

by  Bail  with  regard  to  aggressins. 

294 
by  Gram  stain.  104 
by  Migula.  30 
counting  of,   IQl 

in  mjik,  710 
cultivation  of,  141 
by    anaerobic    methods,    148.     See 

also  Cultivation  of  bacteria 
inoculiitifin  nf  media  in.  141 
dead,  in  active  inmnnmiMtiun,  103 
degenerative  forma  of,  20 
denitrifying,  52 
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Bacteria,  destruction  of.    See  Destruc- 
tion of  bacteria 

dilTercntiution    of,    by    fermentation 
4H 

dissimilar,  bacillus  cloaciE,  455 
bacillus  mirabilis,  455 
bacillus  pruteus  septicua,  456 
bacillus  prot«U8  vulgaris,  455 
bacillus   proteus  zenkeri,  455 
bacillus  proteus  zopli,  456 
bacillu.s    probaeillus    ligne    faciens 
septicus,  453 

enzymes  produced  by,  168 
(liastatic,    100 
inverting,   109 
proteolytic,  103 

gas  formotion  by,  164 

See  iilno  Gus  formed  by  bacteria 

Gram-negative,  104 

Gram-positive,    104 

in  air.     See  Air,  bacteria  in 

in  industries,  715 

in  milk.     Sec  Milk,  bacteria  in 

in  soil.     See  Soil,  biicterin  in 

in  tissues,  staining  of,  110 

in  water.     See  Water,  bacteria  in 

incubation  of,  150 

See  al»o  Incubation  of  cultures 

imlol   production  by.   1117 

invasive  pnwir  of,  294 

isolation  of,  methods  of.  142 
from  milk,  710 

katabolic  activities  of,  41-53 
by  bacterial  enzymes  or  ferments, 
42 
varieties  of,  48 
by  denitrifying  bacteria,  52 
by  fat-splitting  enzymes,  47 
by  lab  enzymes,  44 
by  proteolytic  enzymes,  43 

liberation  of  energy  by,  58 

light  production  of,  59 

microscopic    study    of.      See    Micro- 
scopic study 

nitrifying.     See  Nitrifying  bac- 
teria • 

nutrition  of,  26 

Set'  uhu  Nutrition  of  bacteria 
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^^^^H              analysis 
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^^^^H          reducing  powers  of,  167 
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^^^^H          relation  of,  to  moisture,  34 
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^^^^H              to  physical  environment,  31 

proteids  in,  22 
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refractive  index  of  parts  of.  24 

^^^^H              to  temperature,  31 

specific  gravity  of  forms  of,  24 

^^^^^1           relationsliip  of.  to  other  plants,  35 

water  in,  21 

^^^^B          reproduction  of,  18 

Bacterial  enr.ymcs  or  fermenta,  42 

^^^H              rate 

action  of.  42 

^^^^H                                     18 

environmental  conditions  on,  43 

^^^^H           'saprophytic,  20 

reversible,  43 
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similarity  of,  to  ferments  of  special- 
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ized  cells  of  higher  plants  and  ani- 

^^^^H          staining  of,  methods  of.     See  Stain- 
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Bacterial  filtrates  for  precipitin  tests,! 

^^^^H           sulphur.     See  Sulphur  bacteria 
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^^^^f           symbiosis  of,  30,  31 

Bacterial  forms,  variations  of,  10  ^^M 

^^T                   thermal  death  points  of,  33 

Bacterial  mutation,  38,  30                ^^H 

^B                     variations  in  forms  of.  10 

Bacterial  poisons,  184                        ^^^B 

virulence  of,  and  Infectiousness,   183 

^^^1 

virulent,  sublethal  doses  of,  in  active 
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immunization,  105 

resistance  of,  to  chemical  action  and 

Bacteriacett.    37 

heat,  187                                                   ■ 

Bacteri.-il  cell,  ash  in,  23 

summary  of,  305                                      B 

Babes-Ernst  granules  in,  11 

varieties  of,  185                                       H 

capsule  of,  12 

endotoxins,  185                            ^^B 

carbohyiirntes  in,  23 

proteins,  180                               ^^^M 

chemical  constituents  of,  21 

true  toxin.s,  185                          ^^^B 

quantitative  analysis  of,  21 

Bacterial  products  in  active  !mmunlza-B 

varieties  of,  21 

tion,  105                                                   ■ 

fats  in.  22 

Bacterial  proteins,  186                              fl 

globulin  in,  22 

Bacterial  spores.  16                           ^^^| 

memhrnne  of,  12 

formation  of,  15                            ^^^H 

mi'tnchromatic  granules  in,  11 

germination  of,  17                           ^^^H 

morphnlngy  nf,   100 

position  of,  17                                ^^^H 

motility  of,  13 
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Brownian,  M                               « 
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true,  or  endoapores,  16              ^^^H 
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Bacterial  spores,  vegetative  forms  from, 

17 
Bactericidal    action    of    blood    serum, 

224 
Bactericidal  strengths  of  common  dis- 
infectants, 85 
Bactericidal  substances  compared  witb 

agglutinins,  231 
Bactericidal  tests,  257 
in  test  tube,  257 
for  typhoid  fever,  258 
technique  of,  268 
in  vivo,  256-257 
Bacteriemia,  definition  of,  184 
Bacteriological    examination    of    blood 
cultures,  178 
choice  of  media  for,  170 
results  of,  estimation  of,  180 
technique    of    obtaining    material 
for,  178 
from  typhoid  patients,  180 
of  exudates,  175 
of  feces,  176 

of  material  from  patients,  174 
technique  of  collecting,  174 
of  urine,  176 
of  water,  693 
Bacteriological  examination  of  oysters, 

718 
Bacteriology,  development  and  scope  of, 

1-8 
Bacteriolysins,  200 

immune,  225 
Bacteriolytic  tests,  255 
Pfeiffer's  test  in,  255 
determination      of  '   bacteriolytic 
power  of  serum  against  a  known 
microorganism  in  vivo  by,  256 
identification  of  microorganism  in 
known  immune  serum  in  vivo  by, 
257 
Bacteriotropins,  282,  316 
Bacterium,  37 
Bacterium  termo,  455 
Bacterium  tularense,  562 
Bail,  agressin  theory  of,  292 

opposition  to,  203 
Balantidium  coH,  792 


Barsiekow's  medium  for  colon-typhoid 

differentiation,  138 
Bauer's   modification    of    Wassermann 

test  for  syphilis,  268 
"Bazillenemulsion,"  492 
Beggiatoa,  genus,  38 
Beggiatoacete,  38 
Berkefeld  filter,  120,  121 
Bile  medium  for  colon-typhoid  differen- 
tiation, 137 
Bile-salt  agar,  MacConkey's,  for  colon- 
typhoid  differentiation,  138 
Bitter  milk,  bacteria  causing,  703 
Black  Death,  554 
Black  water  fever,  following  malaria, 

786 
Bladder  diseases  due  to  colon  bacillus, 

395 
"Blastocystitis  hominis,"  739 
Blastomycetes.    See  Yeasts  and  Yeast 

cells 
Blood,  laked,  225 

the  seat  of  immunizing  agencies,  198 
Blood  corpuscles,  red,  in  Ehrlich's  the- 
ory of  lytic  process  in  blood  serum, 
227 
Blood  cultures,  anaerobic,  180 
bacteriological  examination  of,  178 

results  of,  estimation  of,  180 
choice  of  media  for,  179 
technique  of  obtaining  material  for, 
178 
from  typhoid  patients,  180 
Blood  examinations  for  protozoa,  tech- 
nique  of,  796 
MacNeal's  stain,  797 
Manson's  stain,  798 
Wright's  stain,  796 
Blood  media,  method  of  obtaining,  140 
Blood  serum,  bactericidal  action  of,  224 
Bordet's  interpretation  of  lytic  proc- 
esses of,  225 
immune,  198 
reactivation  of  bactericidal  power 

of,  by  normal  serum,  225 
reactivation  of  bacteriolytic  powers 
of,  by  normal  serum,  226 
lytic  processes  of,  224 
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1                alexin  in,  225 

Wright's  moditlcation  of,  153                   ^H 

^^P 

"                "eensitizing  substance"  in.  225 

Buerger's  method  of  staining  c«p»u!.  -      H 

^^1 

obtainin);  of,  from  animaU,  250 

1 

^^1 

from  man,  250 

Butter  bacillus,  502                             ^^^H 

^^1 

reactions  with.     See  Serum  reactions 

Butter,  making  of,  710                          ^^^^^| 

^H 

Blood  serum  reactions,  method  of  ob- 

bacteria  aiding,  711                        ^^^W 

^H 

taining,  13!) 

transmission  of  infection  by,  711             ^M 

^H 

Boiloniilff,  740 

tubercle  bacilli  in,  711                                ^M 

^H 

Bollinger,  discovery  of  actinomyces  of 

Butyric-acid  fermentation  in  milk.  70^^^^ 

^H 

cattle  by,  G22 

^^^H 

^H 

Bordet      and     Gcngou,    discovery      of 

Caoaverin,  46                                         ^^^B 

^H 

whooping-cough  bacillus  by,  543 

Cages  for  animals,  171,  172,  173                ^H 

^H 

Bordi't-CJengciu  bjicilliiH,  543 

Calcium-carl)onate  broth,  126                       ^^ 

^^L^ 

cultivation  of,  .'J44 

Capsule  stains  in  staining  of  bacteria. 

^^^H 

L            compared    with    that    of    influenKa 

^ 

^^^^ 

r                 bncillus,  544 

Carboh.rdrates  in  bacterial  cell,  23            ^M 

^ 

techniijue  of,  544-545 

Carbolic  acid  as  di^^infectant.  77                 ^H 

^^^^ 

.           morphiilngj-  of,  543 

Carbolic-acid  coefficient.  80                           " 

^^^1 

1             compare<l    with   that   of   induenEa 

Carbon  dioxid  formed  by  bacteria.  164 

^^^^ 

'                   bacillus.  644 

Carbon  in  nutrition  of  bacteria.  25 

^H^ 

pathogenicity  of,  546 

Casein,  coagulation  of,  in  milk,  702 

^H 

staining  of.  543 

Cnsti'Ui,   discovery   of  Spirocharta   pw- 

^B 

toxins  of,  545 

fenuia  by,  814 

^V 

Bdltilism,  477 

Cell-receptors,  three  forms  of,  in  expla- 

^H 

BiHiillon,    maJBchite    green,    for    colon- 

nation  of  all  known  antibodies 

^H 

typhoid  differentiation,  137 

(Ehrlich): 

^^K 

Bouillon  (litre   (Denys),  492 

haptines  of  the  first  order,  240 

^^a 

Bovine    tuberculosis,    bacillus   of.     Ken 

haptines  of  the  second  order,  240 

^H 

Tubercle  bacillus,  bacilli  relate<l  to 

haptinea  of  the  third  order,  240 

^H 

Brilliant  green  agar  for  typlinid  i»oln- 

Cellulase,  49 

^H 

tion,  1.30 

Ceratophyllus  faxciatus,  744                       ^M 

^^B 

Broth  u.ied  for  culture  media,  124 

Cercomonadidse.  740                              ^^^H 

^^B 

calcium  carbonate,  126 

Cercomonas  hominis.  740                     ^^^^| 

^^B 

glycerin.  125 

Charbon.     See  Anthrax                         H^^^l 

^^B 

meat  extract.  124 

Charbon  symptomatique.     See  Anthrax 

^H 

meat   infusion,   124 

symptomatic,  bacillus  of                          ^_ 

^^1 

nitrate,  12fi 

Cheese,  making  of,  714                                 ^H 

^^1 

peptnn-salt.  126 

bacteria  aiding,  714                         ^^^H 

^H 

sugar-free,    125 

pathogenic  organisms  in,  714          ^^^^ 

^H 

ITschinsky's  proteid-free,  126 

Chemotaxis.  negative  and  poaittvr,  def! 

^^^v 

Bnice,  discovery  of  Malu  fever  bacil- 

nition of,  277 

lus  by,  550 

non-specific.  291                                           ^H 

Buboes,  548 

Chicken  cholera  bacillus,  662                ^^^| 

Buchner,    discovery    of    Bacillus    coli 

cultivation         552                            ^^^H 

communis  bv,  389 

immunization  with.  653                    ^^^H 
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<       Chicken   cholera   bacillus,   morphology 

and  staining  of,  552 
I  occurrence  of,  in  animals,  552 

patho>genicity  of,  562 
Chicken-pox,   relation    of,   to  smallpox. 

fiOO 
Clilamydobactcriacea?,  37,  618 
classification  of,  618 
morphologj'  of  various  forma  of,  G18 
rhlaitiyJozoii,  793 

Chloride  of  lime  as  disinfertant.  70 
Chlorine  as  disinfectant,  88 
Cholera,  Asiatic,  682 

I       diagnosis  of,  584 
epidemics  of,  680 
immunizatiuo  in,  SSO 
active,  600 
protective  inoculation  in,  590 
in  animals,  687 
infection  in,  587 
pathological  tindings  in,  587 
spirillum  of,  682 
biological  considerations  of,  586 
cultivation  of,  583 
diagnosis    of,    by    "cholera-red" 
reaction,  584 
Dieudonne's  selective  medium  for 

cultivation  of,  584 
Dieudonne's  selective  medium  for 
I  cultivation     of,     modified     by 

l  Krumwiede  and   Pratt,  584 

il'  hygienic  considerations  of,  688 

in  feces,  177 
isolation  of,  585 
from  feces,  585 
from  water,  686,  694 
j  morphology  of,  582 

pathogenicity  of,  586 
in  animals,  587 
in   man,  587 
resistance  of,  596 
spirilla  resembling,  690 
Spirillum   Deneke,  51)1 
Spirillum   Massaua,  501 
Rpirillum  Metchnikovi,  590 
Spirillum      of      Finkler-Prior, 
591 
staining  of,  683 


Cholera,  Asiatic,  spirillum  of,  toxin 
580 
traced  to  milk,  705 
Cholera,  fowl,  bacillus  of,  7 
Cholera    infantum    attributed    to   colofl 

tineilhiA.   3!)4 
Cholera    nostras    attributed    to    colofl 

bacillus,  304 
Cholera-red  reaction,  584 
Chromo-bacteria,  50 
Cliromogenic  (1  ram-negative  cccci,  387 
Ciltata.     See  Infusoria 
Cladothrix,  37,  61!) 

morphology  of,  818 
Clearing  of  culture  media,  119 
by  filtering,  120 
with  eggs,  1 19 
Clostridium  Paateurianum,  64 
Coagulins,  2.'t5 
Cobra  poison  and  its  antitoxin,  exptri- 

mentation  with,  204 
Coccacea,  30 
Cocci,  description  of,  9 
Coccidia,  difTerentiattHl  from  plasmodia, 

706 
CoelBcient  of  inhibition,  80 
Colon  bacillus.    See  Bacillus  coli  com- 
munis 
Colon  bacillus  group,  380 
Colon  test,  for  analysis  of  water,  600 
Colon-typhoid     dilTeretitiation.     media, 
for.  132 
Barsiekow's,  138 
bile,  137 

brilliant  green  agar,  130 
Conradi-Drigalski,   1,34 
Endo's,    134 
Hesse's,   133 
Hisa'  plating,  133 
Hiss'  tube,  133 
.lackson's  lactose-bile,  137 
Kendall's  modification  of  Endo's,  1?5 
MacConkey'a  bile-salt,   138 
mnlachite  green  bouillon,  137 
neutral-re<l,  138 

Russell's  double  sugar  agar,  1-1>' 
Colon-typhoid-dyscntery   group,   bacilli 
of,  388 
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^H               Colon-typhoid-dysentcry    group,    bncilli 

Cultivation  of  bacteria.  anaVrobie.  148 

^B                   of,  characteristics  of,  388 

by  absorption  of  oxygen  by  pyro- 

^^L               Colonies  in  agar.  14(1 

gallic  acid  in  alkaline  aulu- 

^H              Colony-fishing.   140 

tions,   152 

^B               Colony  study  of  bncteria,   161 

Buchner's  method,   152 

^H               Color  indicator  in  titration,  117 

Wright's     modification     of. 

^H  '            ConiniB  bacillus.    See  Spirillum  cholerie 

163 

^^B                     asiHtica^ 

combined    with    air    exhanstion 

^^B               Complement,  deviation  of.  240 

ond  hydrogen  replacement,  153 

^^^^^            division  of,  into  fractious,  245 

on  agar  slants,   153 

^^^K          filtration        244 

without  use  of  hydrogen,  155 

^^^^H           fixation  of.     See  Complement  Hxation 

by  displacement  of  air  with  hydro- 

^^^^H         further  facts  and  theories  concerning. 

gen,  151 

^^^B 

by  mechanical  exclusion  of  air,  148 

^^^^H          in   Rhrlich's  theory  of  lytic  process 

Esmarch's  method,  140 

^^^^H               in  blood  serum,  226 

fluid  media  covered  with  oil,  160 

^^^^H          in  normal  blood  serum,  226 

Lilioriug'  method,  149 

^^^^B          inhibition  of.  245 

Roux's   method,   149                          M 

^^^^H          multiplicity  of,  in  normal  sera,  243 

Wright's  method,  150                      1 

^^^^H          quantitative  relationsliip  between  am- 

Zinsser's  apparatus  for,  166              H 

^^^^"               boceptor  und,  240 

colony  study  in,  161                        ^^^| 

^H               Complement  flxation,  action  in,  246 

counting  of  bacteria  in,  161          ^^^| 

^^M                   by  precipitates,  245 

incubation  in,  158                              ^^H 

^^B                  determiniition  of  antigen  by,  in  serum 

Hee  uUn  Incubation  of  cultures      ^^^H 

^^B                            reactions.  271 

Culture  media,  124                              ^^^| 

^H                       of  antibodies  in  sera  by,  201 

agar                                                      ^^^| 

^H                        principles  of,  261 

lactoBo-litmiis,   120                      ^^^H 

l^*                       reaction  in,  201 

meat  extract,  127.  135                ^^^| 

(                             Wassermann    test   for.    See    Was- 

meat  infusion,  128                        ^^^| 

'                                 sermann    test    for    diagnosis    of 

blood  for.  140                                    ^^H 

syphilis 

blood  serum  for,  139                       ^^^H 

in  planders.  535 

124                                   ^^H 

In  tuberculosis,  494 

calcium  carlionate,  120               ^^^B 

proteid  diiTerentintion  by,  273 

glycerin,  125                                   ^^^| 

Com  piemen  tnids,  244 

meat  extract,  124                          ^^H 

Conjunctivite  subaigue.  546 

meat  infusion,  124                      ^^^^| 

Conradi-Drigalski    medium,    for   colon- 

^^H 

typhoid  differentiation,  134 

pepton-salt,  120                          ^^^H 

1                          isolation  of  typhoid  hnrillus  in  stools 

sugar-free,  125                               ^^^B 

by,  408 

I'schinsky's  proteid-(r*»,  126             H 

Cotton  used  in  filtering  culture  media. 

clearing  of.  110                                          V 

120 

by  flilering  through  rntton,  120        1 

1                       Counting  of  bacteria,   161 

through  paper.   121                               ■ 

'                       Cowpox,  relation  of,  to  sn^nllpox.  (l.sn 

with  eggs,  110                                        1 

1                         use    of.     In     immuni7.ation     against 

Dorset  t  egg.  130 

smallpox,  659 

enriching  subatmces  used  in,  138,  131)   _ 

Crenothrix,  37 

fluid,  covered  with  oil.  in  aiuUtrobie  ■ 

Crcolin,  78 

. — „.,.  J 

M 

INDEX  OF  SUBJECTS 


823 


Cultnre  media,   for  colon-typhoid   dif- 
ferentiation, 132 
gluaware  preparation  in,  113 
glyeerin  for,  126 
ingredients  of,  116 

choice  of,  116 
lactose  litmus-agar,  120,  134 
litmua  milk,  130 
milk,  130 
potato  for,  130 
glycerin,  130 
preparation  of,  113 

general  technique  of,  113 
process  of,  124-140 
reaction  of,  110 
aemm,  131 

Hiss'  serum   water,  for   fermenta- 
tion tests,  132 
Loeffler's,  131 
slanting  of,  123 

special,  132 
sterilization  of,  121 
filtration  in,   122 
heat  in,  121 
titration  of,  117 
color  indicator  in,  117 
process  of,  117 

for  alkaline  media,  118 
reaction  of,  117 
adjustment  of,  1 19 
tubing  of,  121 
Cultures,  attenuated,   in  active   immu- 
nization, 1!)3 
Cultures,   incubation  of.     Hee  Incuba- 
tion of  cultures 
Cytase,  279 
Cytoryctes  variolte,  658 
(^totoxins,  201 
specific,  injury  to  orpans  by,  201 

Darr-fikld  condenser,  597 

Decay,  actiim  of,  44 

Defensive  factors  of  animal  orpanism, 

189 
Degenerative  forms  of  bacteria,  20 
Delhi  coil,  organism  of.  7.58 
Denitrifying  bacteria,  52 

activities  of,  63 


Denitrifying    bacteria,    occurrence    of, 

53 
"Derrengaderas  de  caderas,"  747 
Destruction  of  bacteria,  62 
by  chemical  agents,  73 
See  also  Disinfectants 
gaseous,  88 
in  solution,  73 
inorganic,  73 
organic,  77 
by  physical  agents,  62  ' 

drying,  62 
electricity,  65 
heat,  05 
light,  63 
Diarrheal  diseases  traced  to  milk,  705 
Diastase.     See  Amylase 
Differential   stains  in  staining  of  bac- 
teria. 102 
Diphtheria,  tracing  of,  to  milk,  705 
Diphtheria  antitoxin.  21ti 
anaphylaxis  in  injections  of,  296 
dpt<'rmination     of     presence     of,     in 

blood,  by  Shick  reaction,  526 
normal,  20.^ 
producticm  of,  216 

horses  used  in,  2H1-217 
individual,   by    injection  of  toxin- 

nntitoxin  mixture,  527 
ti'chnique  of,  217 
toxin  for,  216 
stable.  206 

standardisation  of.  218 
ooneentrati(m  and  purifying  in,  219 
technique  of,  218 
unit  for,  205 
Diphtlieria  bacillus,  512 
bacilli  .similar  to,  523 
Bacillus  lloffmanni,  .523 
cultivation  of,  524 
morphology  of,  523 
staining  of,  524 
Bacillus  xerosis,  524 
eultivaticm  of,  525 
ililTerentiation   of,   from   other  ba- 
cilli, .525 
other  bacilli,  525 
biological  characteristics  of,  515 
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Diphtheria  bacillus,  cultivation  of,  616 
degenerative  forma  of,  19 
determination  of  virulence  of,  SIO 
differentiation  of,  from  other  forms, 

107,  523  et  acq. 
grouping  of,  615 
isolation  of,  517 
morphology  of,  513 

"ground"  type  in,  514 
occurrence  of,  in  body,  518,  519 
pathogenicity  of,  518 
in  animals,  510 
"pseudo-membranes"  in,  618 
resistance  of,  515 
staining  of,  574 

Gram's  method  of,  507 
polar  or  Babes-Ernst  bodies  in,  514 
Keisser's  stain  for,  514 
Boux's  stain  for,  515 
toxin   of,   520.     See   also   Diphtheria 
toxin 
chemical    and    physical    properties 

of,  521 
production  of,  520 

media  employed  in,  !)20 
Park-Williams   Bacillus  No.   8  in, 

520 
resistance  of,  522 
Diphtheria  carriers,  .522 
Diphtheria    toxin,    analysis    of    (Ehr- 
lich),  205-215 
method    of   partial   absorption    in, 

209 
side-chain  theory  of,  212 
summary  of,  215 
constitution  of   (Ehrlich).  210 
graphic  form  of   (Ehrlich),  211 
views  of  Arrhonius  and  Madsen  on, 
212 
epitoxoid  in,  208 
molecule  of,  hai)tophore  group  in,  207 

to.\ophore  group  in,  207 
neutral  i>c('d,      active      immunization 

with,  527 
normal  solution  of,  205 


Diphtheria   toxin,    standardization   of, 
Limea  zero  in,  207 
time  changes  in,  206 
toxoid  form  of,  207 
protoxoids  in,  200 
syntoxoids  in,  209 
toxon  in,  209 
unit  for,  205 
Diphtheroid  bacilli,  526 
Diplococcus  gonorrhoea,  380 
antibodies  to,  385 
cultivation  of,  381 
conditions  favorable  to,  383 
Wertheim's  medium  for,  381-382 
differentiation  of,  from  Micrococcus 

catarrhalis,  386 
early  work  in,  380 
infection  by,  in  man,  384 
morphology  of.  380 
Pappenheim-Saathof  stain  of,  381 
pathogenicity  of,  in  animals,  384 

in  man,  384 
resistance  of,  383 
staining  of,  381 
Diplococcus  lanceolatus.    Bee  Diplococ- 
cus pneumoniae 
Diplococcus  mucosus,  387 
Diplococcus  pneumonite,  352 
cultivation  of,  355 
differentiation  of,  from  streptococcus, 
357,  367 
cultural,  369 
morphological,  367 
by  bile  test,  370 
by  capsule,  368 
by  fermentations,  369 
by  grouping,  367 
by  growth  in  blood  media,  367, 

370 
by  shape,  367 
immuniication  against,  .S62 
active,  methods  of,  383 
agglutinins  in  immune  sera  in,  363 
table  of,  364 
technique  of,  366 
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Diplooocciu  pneomoniK,  modea  of   in- 
oculation with,  361 

morphology  of,  553 
capsules  in,  353-354 
lancet-shape  of  cocci  in,  353 
pairing  of  cocci  in,  353 

pathogenicity  of,  359 

pneumonic  complications  and,  362 

resistance  of,  358 

staining  of,  355 

susceptibility  of  animals  to,  370 

toxic  products  of,  302 

treatment  of,  367 

virulence  of,  359 
in  animals,  359 
in  man,  361 
Disinfectants,  73 

bactericidal  strengths  of  common,  85 


Disinfection,  practical,  86 
of  feces,  87 
of  hands,  87 
of  instruments,  87 
of  linen,  etc.,  87 
of  rooms,  etc.,  88 
of  sputum,  87 
of  urine,  87 
Dissociation,  electrolytic,  74 

relation    between    degree    of,    and 
bactericidal  powers  of  solutions, 
74 
Dorsett  egg  medium,  130 
Dnurine,  chemical  course  of,  748 
diagnosis  of,  by  complement-fixation, 

749 
transmission  of,  748 
Drying  in  destruction  of  bacteria,  re- 
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^^^^^          Dysentery  bacilli,  investigntion   of,  by 

Endameba,    forms   of,    Endameba    colL 

^^^^H                     Park  and  Carey,  439 

multiplication  of,  736              ■ 

^^^^H                 by  Park   and   Dunham,   438 

nature  and  occurrence  of,  734      ■ 

^^^H 

pathogenicity  of,  730                      H 

^^^^H                by  Spronck, 

size  of,  734                                       fl 

^^^^H               by  Strong  and  Musgrave,  436 

Endameba  gingivalia,  736         ^^H 

^^^^B                by  Wdder  and  Duval,  437 

cyst  formation  of.  734          ^^^B 

^^^^H             patliogrnioity  of,  441 

morphology  of,  73l(               ^^^M 

^^^^H            pseudo-dyaentery    baciltua   and,    437, 

occurrence  of,  736                ^^^H 

^^H 

pathogenicity  of,  730             ^^^B 

^^^^H            Shiga's  bacillus  in,  435 

site  of,  730  '                                  ■ 

^^^^H                 cultural   cliaracteriatica  of,  43U 

Endameba  histolytica,  726               H 

^^^^^H                 niorpbolo^y  of.  435 

as  cause  of  dysentery,  720          H 

^^^^H            toxic  product))  of,  442 

cyst  formation  of,  731                   H 

^^^^H                action  of,  on  animals,  443 

degenerative  forms  of.  731  ^^^B 

^^^^H                 obtaining  of,  from  cultures,  442 

morpholog}'  of,  720              ^^^H 

^^^P            "Y"  bacillus  in,  438 

pathogenicity  of,  720            ^^^H 

Endameba  tetragena,  731                 ^M 

^H                 EsEBTn,  discovury  of  typhoid  bacillus 

pathogenic  history  of,  726                  H 

^M                     by.  300 

Endolysins,  291                                          1 

^B                 Edema,    malignant,    bnctllus    of.      See 

Kndn's    fuchsin-agar,    isolation    of   ty>fl 

^H                      under  Malignant  edema 

pholil  bacillus  in  stools  by,  400           ■ 

^H                   Eelblrmd  serum,  toxic,  2f)3 

Endo's  medium,   for  colon-typhoid  dif- 

^^B                 I'-KK^   used    in   clearing   culture   media. 

ferentiation,  134 

^B 

Hurding  and   Ostenberg's  method  of 

^^^^^          Klirlich's  analysis  of  diphtheria  toxin, 

preparation  of,  135 

^^^H             206-216.     See  alto  under  Diphtheria 

Kendall's  modification  of,  136             ■ 

^^^^* 

Endospores,  16                                           V 

^H^               Eichatedt,    discovery    of    Microsporon 

Endotoxins,  185,  300                                 1 

^^                      furfur  by,  G30 

compared  with  pigments,  180,  3O0 

Eh-otricity  in  destruction  of  bacteria, 

of    Staphylococcus   pyogenes   aureus. 

r,5 

328                                                       J 

Electrolytic  difuociation,  74 

of  Streptococcus  pyogenes.  348  ^^B 

relation  lietween  degree  of   and   bac- 

summary of.  .100                             ^^^M 

tericidal  powers  of  solutions,  74 

toxins  diHtingiii<>hed  from.  186  ^^^| 

Elaer  and   Huntoon,  discovery  of  pseu- 

Environment  ond  bacteria,  31                ^M 

domenigococciis  by,  379 

Enzymes,  definition  of,  42                       ^ 

Eisner's    potato-extract    gelatin,    isola- 

katalyxers and.  annlogj-  between,  42 

tion  of  typhoid  bacillus  in  stools  by. 

produced  by  bacteria,  108                   ^ 

407 

diastatic,  169                              ^^H 

Emphysematous  gangrene,  isolation  of 

inverting,  169                           ^^^H 

Bacillus  agrogenes  capsulatua  from, 

proteolytic,  168                          ^^^H 

474 

varieties      of.      See      uniltr     speeS^M 

Endameba,  723 

names                                          ^^^1 

forms  of.  723 

Epitoxoid  in  toxin,  208                   ^^^| 

Endameba  africana,  731 

Erlenmeyer  flask,  114                        ^j^^ 

Endamelia  ooli,  735 

Escherich,  discovery  of  Bacillus  M^^B 

-     morphology  of,  734 

1 

•frogenes  by,  463                       ^|^H 
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Esmarch  roll  tubes  in  isolation  of  bac- 
teria, 147 
Esmarch's  method  of  aaaSrobio  cultiva- 
tion of  bacteria,  149 
Essential  oik  as  disinfectants,  78 
Eumycetes.    See  Hyphomycetes 
Exudates,    bacteriological    examination 
of.    8e«  Bacteriological  examination 


Facttltatitk  aSrobes,  26 
Facultative  anaSrobes,  26 
Farcy,  631 
Fat-splitting  enzyme's,  47 

action   of,  method  of   investigating, 

47 
varieties  of,  47 
Fats  in  bacterial  cell,  22 
Favus,  642 

Feces,   bacteriological   examination  of, 
176 
disinfection  of,  87 
number  of  bacteria  in,  176 
varieties  of  bacteria  in,  177 
Fermentation,  alcoholic,  51 
in  milk,  702 
butyric-acid,  in  milk,  702 
enzymes  of,  48,  52 
in  development  of  bacteria,  26 
inversion  in,  42 
lactic-acid,  SO,  701 
process  of,  48 

tests,  serum  media  for,  132 
Filtering,  in  clearing  of  culture  media, 
102 
through  cotton,  120 
through  paper,  121 
in  sterilization  of  culture  media,  122 
Filters,  varieties  of: 
Berkefeld,  120,  121 
Kitasato,  123 
Maassen,  124 
Reichel,  122 
Filtrable   table  compiled  by  Wolbach, 

682 
Filtrable  virus,  681 

Filtration  of  immune  body  and  comple- 
ment, 245 


Fishing,  colony,  146 

Fixation  of  complement,  action  in,  247 

by  precipitates,  246 
"Fixator,"  279 
Flagella,  arrangement  of,  16 
structure  of,  14 
varieties  of,  14 
Flagella  stains  in  staining  of  bacteria, 

100 
Flagellata.    See  Mastigophora 
Florence  flask,  114 
Fluid  media  covered  with  oil,  used  in 

cultivation  of  bacteria,  150 
Foot-and-mouth  disease,  680 
etiological  factor  of,  681 
immunity  in,  681 
in  milk,  706 
pathology  of,  680 
transmission  of,  680 
Formaldehyde  as  disinfectant,  78,  89 
generation  of,  by  breaking  up  solid 
polymer  with  heat,  91 
by  Breslau  method,  90 
by  direct  evaporation,  89 
by  glycerine  addition,  00 
by  lime  method,  91 
by  potassium-permanganate  n^eth- 

od,.92 
by  Trillat  method,  89 
gauging  amount  of  formalin  in,  92 
Trillat  autoclave  for,  89 
Fractional  sterilization,  70 
at  high  temperatures,  70 
at  low  temperatures,  71 
Framboesia  tropica,  614 
FriedWnder,  discovery  of  Bacillus  mu- 

cosus  capsulatus  by,  447 
Friedliinder  bacillus.    See  Bacillus  mu- 

cosus  capsulatus 
v.  Frisch,  discovery  of  Bacillus  of  rhi- 

noscleroma,  451 
Fumigation.    See  Disinfectants,  Disin- 
fection 
Fusiform  bacilli,  614 
from  carious  teeth,  613 
from  noma,  614 
from  scurvy,  614 
of  Vincent's  angina,.  612 
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^^m             Uaffkt,  discovery  of  Micrococcus  tetrn- 

Gram-negative  microcnoci,   tabt^^^n^^H 

^^^                  genus  by,  334 

ngnosis   of,    by   dllTeri-ntial    value  uf  ^H 

^^H              Gartner,  discoverjr  of  Bacillun  enteri- 

sugar  fermentation,  387                         ^| 

^H                  tidJB  b.v,  420 

Grnm-positivc-  bacteria,  104                         ^B 

^^H              Gas  baoillUB  infections,  in  soldiers   in 

in  feces.   177                                                 ^M 

^^P                  trenches,  474 

method  of  staining  in  tissue  iections,   ^M 

^^^             Gas  formed  by  bacteria   164 

111                                                           ■ 

^^^^H            analysis  of,  164 

Gram-Weigert     method      of      staining   ^M 

^^^^H               carlMin  dioxid  in,  164 

gram-positive  bacteria  in  tissue  »ec-     H 

^^^^^K                                     166 

tions,  111 

^^^^y             hydrogen  siilphid  in,  166 

Gram's  method  of  staining  bacteria,  IM 

^                      quantitative,   100 

c'liissitication  of  pathogenic  bacteria 

^^^^^       Gas-pressure  regulators  for  incubators, 

by,  104 

^^^H 

Paltauf's  modification  of,  103                H 

^^^V          Moitessier's,  160 

Sterling's  modification  of,  103                 ^M 

^^F             Gastrointestinal  autointoxication,  715 

Group  agglutination,  2.14                              ^M 

^^m                  bacteria  causing,  715 

Gruber-Widnl  reaction,  251                           ^M 

^^t^            experimental  combating  of,  by  acid- 

<;ruby,  discovery  of  Trichophyton  UW-    H 

^^^^^K               ))r>Kliirin(r  bacilli,  716 

lurans  by,  643 

^^^^B          MHtc)iTiikoH"B  therapy  of,  by  means  of 

Gunmieri's  medium,  Welch's  modifica- 

^                    Bacillus  bulgaricus,  716-717 

tion  of.   129                                                ^ 

^m             Gelase,  49 

H 

^^B             Oessard,  discovery  of   Bacillus  pyocy- 

B 

^^B                   aneus  by,  578 

llAKMATOPIXtTS    SPIMTUJSl'B.    744                   S 

^^B              Glanders,   bacteriological   diagnosis  n(. 

llnloirens  as  disinfectants,  75                        ^M 

^^^H 

Halteridium.    See  Hemoproteus  colum-     H 

^^^^^         complement  fixation  in,  535 

fl 

^                  immunity  in,  535 

"Hanging   block"    method   in    study   of     H 

^^^^^          in  horses,  530 

Imcteria,  04                                                    H 

^^^^^B             acute  form. 

"Hanging   drop"    method    in    study    of     H 

^^^^^T              chronic  form,  531 

bacteria,  03                                                   ^t 

^^V                  in  man,  532 

Hansen,  discovery  of  lepra  bacillus  by.    ^M 

^^B                  nndnles  of,  632 

505                                                               V 

^^P                  spontaneous  infection  in,  530 

Haptophore   group   in    toxin    molecule.     ■ 

^^               Glanders   bacillus.     Bee  Bacillus   m«l- 

^1 

[                          lei 

in  toxon  molecule.  209                         ,  ^M 

^^ft              Globulin  in  bacterial  cell,  22 

Hsptuphore   groups    in    immune   body,  ^M 

^^F               GlnsHina  morsitans,  754 

228                                                                ■ 

r                     Glossina  patpulis,  752 

complementophile,  228                               H 

Glycerin,  use  of,  for  culture  media,  126 

cytophile,  228                                                  ■ 

meat  extract,  126 

Hauser,  discovery  of  Bacillus  proteus       , 

meat  infusion,  127 

vulgaris  by,  454                                          ^m 

Glycerin  broth,   125 

Heat,  in  destruction  of  bacteria,  65         ^M 

Glycerin  potato,   130 

dry  and  moist,  comparison  of,  M       ^| 

Gonococcus.     See     Diplococcus     gonor- 

effect  of  various  degrees  of,  65           H 

rhcne 

moist,  advantages  of.  66                       ^M 

Gram-negative  bacteria,  104 

penetrating  power  of,  67                  V 

Gram-negative  cocci,  chromogenic,  S«7 

in  sterilisation  of  culture  media,  121 
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Heat  sterilization,  68 
.    dry,  68 

by  burning,  68 
by  hot  air,  68 
moist,  69 
by  boiling,  69 

by  fractional  sterilization,  70 
by  live  steam,  60 
by  steam  under  pressure,  71 
Hektoen  and  Buediger  on  structure  of 

opsonins,  283 
Hemagglutinins,  235 
Hematogen,  538 
Hemolysin,  immune,  226 
Hemolysins  of  Staphylococcus  pyogenes 
aureus,  329 
of  Streptococcus  pyogenes,  344 
specificity  of,  248 
varieties  of: 
autolysins,  248 
heterolysins,  248 
isolysins,  248 
Hemolysis,  201,  225 
Hemolytic  serum,  265 
Hemolytic  tests,  259 
obtaining  blood  for,  259 
in  large  quantities,  260 
in  small  quantities,  259 
standard  concentration  of  red  blood 
cells  for,  259 
Hemolytic  unit,  definition  of,  265 
Hemoproteus  columbie,  form  and  devel- 
opment of,  761 
invertebrate  host  of,  761 
life  history  of,  763 
occurrence  of,  761 
Hemoproteus  noctuw,  750 
Hemoproteus  ziemani,  751 
Hemorrhagic  septicemia  bacilli,  651 
morphology  of,  651 
staining  of,  651 
varieties  of: 
bacillus  of  chicken  cholera,  552 
Bacillus  pestis,  554 
bacillus  of  swine  plague,  553 
Hemosporidia,   form   and   development 
of.  760 
hemoproteus  columbte,  761 


Hemosporidia,  pinoplasmidn,  787 
proteosoma     ( Plasmodium)     praecoz, 
763 

Hepatotozin,  201 

Herpetomonada,  755 

Hesse's  medium  for  colon-typhoid  dif- 
ferentiation, 133 

Heterolysins,  248 

Hides,  tanning  of,  bacteria  in,  720 

Hiss'  agar-gelatin  medium,  isolation  of 
typhoid  bacillus  in  stools  by,  407 

Hiss'    leucocyte    extract    theory    and 
therapy,  289 

Hiss'  methods  of  staining  capsules,  98 

Hiss'  plating  media  for  colon-typhoid  ' 
differentiation,   133 

Hiss'   tube  medium  for   colon-typhoid 
differentiation,  133 

Hito'  serum  water  media  for  fermenta- 
tion tests,  132 

"Hog-cholera"  bacilli,  430 
differentiation  of,  from  swine  plague 
bacillus,  554 

HOgyes,  dilution  method  of,  in  treat- 
ment of  rabies,  656 

Horse  meat,  detection  of,  by  precipitin 
tests,  254 

Horses   used    in    production   of   diph- 
theria antitoxin,  216-217 
of  tetanus  antitoxin,  221 

Howard     and    Perkins,    discovery    of 
Streptococcus  mucosus  by,  350 

Huntaon's  method  of  staining  capsules, 
98 

Hydrocyanic    gas,    destruction    of    ro- 
dents by  fumigation  with,  92 

Hydrogen,   formation   of,  by  bacteria, 
165 
in  nutrition  of  bacteria,  28 

Hydrogen  peroxid  as  disinfectant,  76 

Hydrogen  sulphid  formed  by  bacteria, 
165 

Hydrophobia.    See  Rabies 

Hypersusceptibility.     See  Anaphylaxis 

Hyphomycetes,  635 
conditions   favorable  to   growth   of, 

638 
diseases  caused  by,  639 
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Hyphomycetes,  diaeasea  caused  by,  fa- 
vus,  642 
pityriasis  versicolor,  630 
ringworm,  643 
thrush,  640 
diseases  aometimes  accompanied  by, 

644 
monilia,  641 
morphology  of,  635 
reproduction  of,  636 
mycomycetes  in,  636 
Aspergillus  variety  in,  637 
Penicillium  variety  in,  637 
sporulation  by  other  methods  in, 
637 
phycomycetes   in,   Mucorinje   vari- 
ety of,  635 
sexual  reproduction  of,  636 
structural  classification  of,  635 
varieties  of,  035 
mycomycetes,  635 

morphology    of     (typical),    635, 
636 
ascospores  in,  638 
conidia    (or  spores)    in,  638 
conidiophores  in,  637 
hyphal  branches   (septate)   in. 

637 
mycelial  threads  (septate)  in, 

637 
sterigmata   (septate)    in,  037 
morphology    of     (less    frequent 
forms  of),  637 
ascospores  in,  037 
chlamydosporcs  in,  638 
phycomycetes,  035 

morphology    of    (typical),    635- 
030 
columella  in,  030 
hyphal   branches   in,  036 
mycelial  threads  (non-septate) 

in.  030 
sporangium  in,  036 
spores  in.  030 
morphology  of  sexual  reproduc- 


"Immcne  body"  in  blood  serum,  2S 
in  Ehrlich's  theory  of  lytic  proces 
blood  serum,  226 
haptophore  groups  of,  228 
,.  complementophile,  228 

cytophil^  228 
Immunity,  absolute,  190 
acquired,  192 

definition  of,  190,  192 
active,  193 
artificial,  193 
definition  of,   193 
experimentation    with    attenui 
cultures  for,  193 
with  bacterial  products  for, 
with  dead  bacteria  for,  195 
with  sublethal  doses  of  fully 
ulent  bacteria  for,  196 
definition  of,  189 
natural,  190 
individual,  191 
of  races,  191 
of  species,  190 
passive,  196 

relation  of,  to  phagooytotie  pov 
in  animals,  279 
Immunization,  active,  with  neutral 
diphtheria  toxin,  527 
blood  the  seat  of,  198 
Incubation  of  cultures,  156 
incubators  in,  158 
gas-pressure  regulators  for,  160 
thermo-regulators  for,  169 
Indigo  production,  bacteria  in,  720 
Individual  immunity,  191 
in  higher  animals,  192 
in    lower   animals,    191 
Indol  production  by  bacteria,  167 
Industries,  bacteria  in,  719 
Infantile    splenomegaly,    organism 

758 
Infection,  definition  of,  181 
fundamental  factors  in,  181 
paths  of,   183 
inner,  184 
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Infectiousness,    due    to    variations    in 

virulence,  183 
Influenza,  epidemic  of,  in   1889-90,  536 

organs  attacked   in,  540 
Influenza  bacillus.  530 
bacteria  related  to,  541 
Bacillus  murisepticus,  342 
bacillus  of  pleuropneumonia.  542 
Bacillus  rhusiopathia'.  542 
Koch-Weeks  bacillus,  542 
pseudo-influenza  bacillus.  541 
biologj-  of.  540 

isolation  and  cultivation  of,  537 
on  agar  and  gelatin,  537 
blood  added  in,  537 
hematogen  added  in.  53S 
morphology  and   staining  of.  530 
pathogenicity   of,   540 

in  experimental  inoculation  of  ani- 
mals, 541 
organs  attacked  in,  540 
susceptibility  of  animals  to.  541 
Infusoria,  balantidiinn  coli,  792 
chlamydozoa.  793 
classes  of,  792 

distinguishing  features  of,  792 
Inhibition,  coefTieiont  of.  so 
Inhibition  strengths  of  various  antisep- 
tics, 84 
Inoculation  of  animals,  170 
intraperitoneal.  172 
intravenous.  172 
subcutaneous,  171 
Inoculation  of  media.  141 

technique  of  transferring  bacteria  in, 

141 
virus   used    in   tran'^ferring   bacteria 
in,  141 
Insusceptibility     of     cold-bloodcil     ani- 
mals. 190 
Intravital     methoc''    of     Xakanislii     in 

study  of  bacteria.  91 
Inulin  media,  1.32.  309 
Invasion,  paths  of,  183 
inner,  184 
outer.  183 
Inversion  by  fermentation,  42 
Invertasc,  49 


Iodoform  as  disinfectant,  77 
lodin,  tetrachlorid  of,  as  disinfectant, 
76 
tincture  of,  for  skin  sterilization,  76 
Iron   compounds   in   nutrition   of   bac- 
teria, 29 
Isoagglutinins,  261 

table  for,  261 
Isoliemolysins.  261 
Isolation  of  bacteria,  142 
early  methoils  of,  143 
present  methods  of,   143 

Esmareh  roll   tubes  in,   147 
Koch's  plates  in,  144 
surface  streaking  in,  148 
Isolysins.  248 

Israel,  discovery  of  actinomyces  of  man 
bv,  622 


.T.\cks()n's  laetosebile  medium  for  co- 
lon-typlioid  differentiation.  137 

•lenniT's  discovery  of  immunization  in 
bmall|"i.\  liy  vaccinia,  059 


Kai.a-azar.    due    to    Ki«limania    dono- 
vaiii.  7")7 

symptiims  of.  757 
KatalyziTs.   (K-linitiun    nf,    42 

en/ynies  an<l.  anali)}.'y  between,  42 
Kefyr.  702 
Kendall's  miidifieation  of  Kudo's  medi- 

lun   for  colon-typhoid  diirerentiation, 

1.35 
Kitasato.   discovery  of  Hacilliis   tetani 
by.  450 

discovery  of  plague  bacillus,  by,  554 
Kitasato  filter,  123 
Kh'bs,  iliscovery  of  diphtheria  bacillus 

by,  512 
Koch,  discovery  of  cholera  spirilhmi  by, 
5S2 

diseoverj"«of  tubercle  bacillus  by.  479 
Koeh    plates    in    isolation   of   bacteria, 

144 
Koch-Weeks  bacillus,  542 
Koumvs,   702 
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L-f,  deflnitioD  of,  208 
Lo,  definition  of,  207 
Lab  enzymes,  46 
Lactase,  60 

L«ctic-acid  bacilli  in  therapy  of  gastro- 
intestinal autointoxication,  716 
Lactic-acid  fermentation,  SO 
bacteria  of,  60 
in  milk,  701 
Lactose-bile    medium,    Jackson's,     for 

colon-typhoid  differentiation,  137 
Lactose-litmus  agar,  129 
Laked  blood,  226 
Lamblia  intestinalis,  739 
Langenbeck,  discovery  of  Oldium  albi- 
cans by,  640 
LautenschUger's  thermo-regulator,  168, 

159 
Leishmania,  755 
Leishmania  braziliensis,  759 
Leishmania    donovani,    animal    patho- 
genicity of,  758 
as  cause  of  Kala-azar,  767 
morphology  of,  757 
transmission  of,  758 
Leishmania  infantum,  768 
Leishmania  nilotica,  759 
Leishmania  tropica,  768 
Leprolin,  502 
Leprosy,  505 

bacillus  of,  602,  605 
cultivation  of,  506 
by  Clegg,  606 
by  Duval,  506 
dilTerentiation  of,  from  tubercle  ba- 
cillus by  staining,  100,  506 
inoculation  with,  507,  509 
morphology  of,  505 
occurrence  of,  in  body,  608 
pathogenicity  of,  507 
relation   of,   to   tubercle   bacillus, 

609 
staining  of,  605 
toxic  products  of,  509 
clinical  varieties  of.  508 
contagiousness  of,  509 
in    rnt!<.   510 
occurrence  of,  507 


Leprosy,    tuberculin    administered    in, 
results  of,  510 

Leptotbrix,  019  - 
morphology  of,  618 

Leucocidin  of  Staphylococcus  pyogenes 
aureus,  329 
action  of,  upon  leucocytes,  330 
discovery  of,  329 

leucotoxin  differentiated  from,  331 
obtaining  of,  330 

Leucocyte  extract,  289 
effect  of,  upon  infections  in  animals, 
290 
in  man,  291 
experimentation  with,  291 
obtaining  of,  290 

Leucotoxin,  201,  331 

Liborius'  method  of  anaerobic  cultiva- 
tion of  bacteria,  149 

Light  in  destruction  of  bacteria,  63 
action  of,  64 
resistance  to,  63 
varieties  of,  64 

Lime,  chlorid  of,  as  disinfectant,  76 

Limes  death,  definition  of,  208 

Limes  zero,  207 

"Limex  amebe,"  723 

Linen,  etc.,  disinfection  of,  87 

von  Lingelshcim,  discovery  of  Diplococ- 
cus  mucoRus  by,  387 
discovery   of  Micrococcus   pharyngis 
siccus  by,  887 

Lipase,  47 

Liver  and  gall-bladder,  inflammatory 
conditions  of,  attributed  to  colon 
bacillus.  396 

Isobar  pneumonia,  infectiousness  of,  352 

Loefflcr  and  SchOtz,  discovery  of  glan- 
ders bacillus  by,  528 

Loeffler's  malachite-green  media,  isola- 
tion of  typhoid  bacillus  in  stools  by, 
409 

Loeffler's  method  of  staining  flagella. 
100 

T^effler's  scrum  medium,  131 

Liistgarten.  discovery  of  smegma  ba- 
cillus by.  ,503 

l.vncliia  lividocolor,  761 
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Lynchia  maura,  761 
Lysins,  224 
action  of,  Bordet's  interpretation  of, 
225 
compared    with    Ehrlich's,    225, 

228 
Biunmary  of,  228 
Ehrlich's  theory  of,  226 
compared  with  Bordet's,  226 
complement  in,  226 
immune  body  in,  226 
formation  of,  226 
haptophore  groups  in,  228 
complementophile,  228 
cytophile,  228 
r6d  corpuscles  in,  227 
side  chains  or  receptors  in,  226 
over-production  of,  226 
in  blood  serum,  226 
experimentation  in,  224 
in  immune  blood  serum,  reactivated 

by  normal  serum,  226 
in  normal  blood  serum,  Bordet's  the- 
ory of,  226 
alexin  in,  225 

sensitizing  substance  in,  225 
investigation  of.  by  Ehrlich,  226 
Lysol,  78 
Lyssa.    See  Rabies 

Maassen  filter,  124 
MacC'onkey's  bile-salt  agar,  for  colon- 
typhoid  differentiation,  138 
MacXeal's  stain,  797 
Macrophages,  definition  of,  276 
Madura  foot.     See  Mycetoma 
Malachite-green    media,    for    colon-ty- 
phoid   differentiation,    bouillon, 
137 
Loeffler's,  for  isolation  of  typhoid 
bacillus  in  stools,  409 
Malaria,    black-water    fever   following, 
786 
carriers  of,  776 

epidemiology    of,    personal    prophy- 
laxis in,  783 
precautions    against    human    car- 
riers. 783 


Malaria,    epidemiology    of,    prevention 
of  mosquito  breeding,  782 
proper  treatment  and  care  of  all 

casea,  783 
quinine  prophylaxis,  783 
screened  houses,  781 
geographical  distribution  of,  766 
history  of,  764  ' 
•    immunity  to,  784 
latent,  776 
mortality  from,  766 
organism  of,  764 
— pathology  of,  784 
relapses  of,  785 
treatment  of,  786 
Malarial  fever,  classical,  symptoms  of, 

775 
Malarial  fevers,  776 

clinical  description  of,  776 
incubation  period  of,  775 
Malarial  mosquito,  breeding-places  of, 
780 
classifications  of,  780 
description  of,  778 
development  of,  778 
development  of  malarial  parasite  in, 

776 
egg-laying  of,  781 
larvse  of,  778 
life  history  of,  780 
Malarial  parasite,  cultivation  of,  in  vi- 
tro, 777 
development  of,  in  the  mosquito,  776 
incubation  period  of,  781 
Malarial  parasites,  786 
Malignant  edema,  bacillus  of,  468 
cultivation  of,  470 
early  investigation  of,  469 
immunity  in,  471 
morphology  of,  469 
pathogenicity  of,  470 
staining  of,  470 
Mallein,  532 
action  of,  533 
diagnostic  use  of,  633 

directions  of  U.  S.  government  for, 
534 
obtaining  and  preparation  of,  533 
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Malta  fever,  649 

in  domestic  animals,  540 
Maltase,  50  • 
Manson's  stain,  708 
Maragliano's    serum    for    tuberculosis, 

498 
Marchiafava   and    Celli,    discovery    of 

meningococcus  by,  371 
Margaropus  annulatus,  life  history  of, 
780 

transmission  of  piroplasmids  by,  780 
Marmorek's  serum  for  tuberculosis,  408 
Mastigophora,  definition  of,  721,  738 

polymastigina,  738 

protomonadina,  740 
Measles,  675 

investigation  for  virus  of,  675 
by  Hektoen,  676 
by  Home,  675 
Meat,  determination  of  nature  of,  by 
precipitin  tests,  254 

used  for  culture  media,  115 
soluble,  116 
Meat  extract,  116 
Meat-extract  agar,  127 
Meat-extract  broth,  124 
Meat-extract  gelatin,  126 
Meat-infusion  agar,  128 
Meat-infusiun  broth,  124 
Meat-infusion  gelatin,  127 
Meat-poisoning  bacilli,  429,  476 
Meningitis,     microorganisms     causing, 
371 

primary,  371 

secondary,  371 

serum  therapy  of,  378 
Meningococcus.    «ee  Micrococcus  intra- 

ccllularis  meningitidis 
Menozoitis,  700 
Metacfironiatic  grnnulps,  11 
Metacresol  as  disinfectant,  77 
Metchnikoff's  therapy  of  gastrointesti- 
nal autointoxication  by  means  of 
Bacillus  bulgaricus,  716-717 

by  means  of  lactic-acid  bacilli,  717 
Mice,  method  of  injecting,  intravenous- 
ly. 173 
"Microbe  de  la  coqucluche,"  643 


Micrococci,   321.     See  aho   Staphylo- 
cocci 
Micrococcus,  36 
Micrococcus  catarrhalis,  386 

differentiation   of,   from   gonococcus, 
386 
from  meningoeoccus,  380 
Micrococcus    intracellularis   meningiti- 
dis, 371 
cultivation  of,  374 
oxygen  in,  375 
viability  of  organism  in,  376 
differentiation  of,  from  Micrococcus 

catarrhalis,  386 
early  observation  of,  371-372 
immunization  against,  378 

agglutinins  in  immune  sera  in,  378 
modes  of  inoculation  of,  377 
morphology  of,  373 
parameningococcus  and,  370 
pathogenicity  of,  376 
in  animals,  377 
in  man,  376 
pseudomeningococcus      differentiated 

from,  370 
resistance  of,  376 
staining  of,  374 

susceptibility  of  animals  to,  377 
viability  of,  375 
Micrococcus  melitensis,  540 
cultivation  of,  550 
morphology  and  staining  of,  550 
Micrococcus  pharyngis  siccus,  387 
Micrococcus  tetragonus,  333 
cultivation  of,  333 
pathogenicity  of,  333 
Microorganisms,  discovery  of,  1 

pathogenic,  321 
Microphagcs.  definition  of,  276 
Microscopic  study  of  bacteria,  03 
in  fixed  preparations,  94 
process    of,    04.     See    aho    under 
Staining 
in  living  state,  03 
by  hanging  block  method,  04 
by   hanging  drop  metho«l,  03 
by  intravital  method  of  Xakanishi, 
04 
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Microspira,  37 
Microsporon  furfur,  639 

clinical  picture  of  infection  of,  639 
cultivation  of,  640 
morpliolugy  of,  639  ' 

Milk,  aIc6ho1ic  fermentation  in,  702 
anthrax  bacilli  in,  707  . 
bacteria  in,  690 

butter   a   means   of   transmitting, 
711 

butter-making  aided  by,  711 

cheese-making  aided  \>y,  714 

numbers  of,  700 
estimating  of,  709 

propagation  of,  700 

sources  of,  099 

under    ordinarily    hygienic   condi- 
tions, 699 

varieties  of,  701 
"bitter,"  703 

butyric-acid  fermentation  in,  702 
certified,  701 
cholera  traced  to,  705 
coagulation  of  casein  in,  702 
color  changes  in,  703 
diarrheal  diseases  traced  to,  705 
diphtheria  traced  to,  705 
foot-and-mouth  disease  virus  in,  706 
lactic-acid  fermentation  in,  701 
pasteurization  of,  709 
pus  cells  and  leucocytes  in,  706 
relation    of,    to    infectious   diseases, 

703 
scarlet  fever  traced  to,  704 
"slimy,"  703 
streptococci  in,  706 
streptococcus   throat  infections   con- 
veyed by,  343,  706 
supervi8i<m  of  supply  of,  700 
tubercle  bacilli  in,  707 

infection  from,  708 

precautions  against,  708 
dairy  inspection  in,  708 

tuberculin  test  of  cows  in,  708 

transmission  of,  from  cow,  707 
typhoid    fever    epidemics   traced   to, 
*  703 
Milk  me<lia,  130 


Milzbrand,  503 

Moellcr's   method   of   staining    spores, 

98 
Moisture,  relation   of,   to  bacteria,  34 
Moitessier's  gas-pressure  regulator,  160 
Molds.    See  Hyphomycetes 
Monilia,  641 
Morax-Axenfcid  bacillus,  545 

cultivation  of,  546 

morphology  and  staining  of,  646 

pathogenicity  of,  547 
Motility  of  bacteria,  14 

by   flagella,   14 

Brownian,  14 

effect  of  temperature  on,  16 

molecular,  14 

organs  of,  13 

true,  14 
Mucorinte,  reproduction  in,  635-636 
Muguet.    See  Thrush 
Multiplicity  of  amboceptors  in  normal 
sera,  242 

of  complement  in  normal  sera,  242 
"Murrina  de  caderas,"  747 
Mycetoma,  clinical  picture  of,  627 

granules  in,  627 
melanoid,  027 
cultivation  of,  627-628 
morphology  of,  027 
oehroid,  627 
Mycomycetes,  636 

Naoana,  occurrence  of,  745 

parasite  of,  745 

transmission  of,  746 
Nakanishi,  "intravital"  staining  meth- 
od of,  in  study  of  bacteria,  94 
Negri   bodies   in   central   nervous   sys- 
tem in  rabies,  648 

demonstration  of,  648 

diagnosis  of  rabies  by,  660 

explanation  of,  650 

significance  of.  651 

staining  of,  108 
Neisser,  discovery  of  Diplococcus  gon- 
orrlwpse  by,  380 

discovery  of  lepra  bacillus  by.  506 
Neosporidia.    dee  .Sarcosporidia 
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Nephrotoxin,  201 

Xeufeld    and    Rimpau's    discovery    of 

opsonic  substances,  282 
Neurotoxin,  201 
Neutral-red  medium  for  colon-typhoid 

differentiation,  138 
"New  tuberculin"   (Koch),  401 
"New    tuberculin-bacillary    emulsion," 

492 
Nitrate-solution  broth,  126 
Nitrifying  bacteria,  67 

action  of,  58 

agricultural  importance  of,  58 
Nitrogen,  for  preparation  of  anaerobic 

conditions,   lol 
Nitrogen  fixation  by  bacteria,  54 
microorganism  of,  54 

in  root  tubercles,  55 
experimentation  on,  50 
microorganism  of,  55 
process  of,  56 

in  soil,  54 
Nitrogen  in  nutrition  of  bacteria,  28 

sources  of  supply  of,  28 
Noguchi's     modification     of     Wasser- 

mann  test  for  syphilis,  269 
Novy  jar,  154 

Nucleus  in  bacterial  coll,  10 
Nutrient  me<lia.     See  Culture  media 
Nutrition  of  bacteria,  25 

carbon  in,  25 

hydrogen  in,  28 

nitrogen   in,  26 

oxygon  in,  26 

salts  in,  29 

Obebmeier,    discovery    of    spirocha-tes 

of  relapsing  fevor  by,  005 
Obligatory  aOrobos.  25 
Obligatory  ana<Tol)cs,  26 
Oldium  albicans.  040 

discovery  of,  040 

morpholopj-  of,  (i40 

varieties  of,  040 
"Old   tuberculin"    (Kooh).  491 
Opium  proilncfion,  l)nctoria  in,  719 
"Opsonic  coofTiciont  of  extinction,"  280 
Opsonic  index,  finding  of,  286 


Opsonic  test,  Wright's,  284 

obtaining  of  bacterial  emulsion  for, 
284 
of  blood  serum  for,  284 
of  leucocytes  for,  284 
opsonic  index   in,   finding  of,  280 
parallel    control    test    on    normal 
serum  in,  286 
"pool"  in,  286 
technique  of,  284 
Simon,  Lamar,  and  Bispham's  tech- 
nique of,  286 
dilutions  in,  286 

opsonic  coefficient  of  extinction  in. 
286 
Opsonins,  281,  316 
decrease  of   phagocytic   power   u|>on 
introduction   of   bacteria   without. 
282 
definition  of,  282 
increase   of   phagocytic  power  upon 

introduction  of,  283 
Neufeld  and   Rimpau's  discovery  of, 

282 
normal  and  immune,  282-283 
specific  for  typhoid  bacillus,  424 
specificity  of,  282 
structure   of,   according   to  Hekto«-n 

and   Huediger,  283 
Wright's  test  of.    dee  Opsonic  test 
Wright's  theory  of,  282 
Orthocresol   as   disinfectant,   78 
Oscillnria  malnriip,  764 
Osmotic  properties  of  bacterial  wll,  23 
Oxydases,  50 
Oxygon  as  disinfectant,  88 

in  development  of  bacteria,  25 
free,   26 

absence  of.  26 
indirect  supply  of,  26 
in  nutrition  of  bacteria,  25 
Oysters,  bacteriological  examination  of. 

718 
Ozone  as  disinfectant.  88 

Pai.tai-f's     mo<lificfltion     of     Gram'a 

stain,  103 
Pancreascvtotoxin,  201 
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Paper  used  in  filtering  culture  media, 
121 

Pappenheim-Saathof  stain,  of  diplococ- 
cus  gonorrhcEte,  381 

Paracolon  bacillus,  430 

Paracresol  as  a  disinfectant,  78 

Parameningococcus,  379 

Parasites,  bacterial,  20 
classification  of,  30 
facultative,  29 
media  for  growth  of,  20 
definition  of,  182 
infectiousness  of,  182 
pathogenicity  of,  182 

Paratyphoid  bacilli,  differentiation  of, 
on  sugar,  433 
types  A  and  B,  431 

Paratyphoid   fever,    differentiation    of, 
from  typhoid,  432 

Passive  immunity.     Bee  under  Immu- 
nity 

Passive     immunization,    definition    of, 
196 

Pasteur,  discovery  of  bacillus  of  chick- 
en cholera  by,  552 
discovery   of-  bacillus   of   malignant 

edema  by,  468 
discovery  of  Diplococcus  pneumonic 

by,  363 
technique  of,  in  rabies  therapy,  652 

Pasteurization  of  milk,  709 

Pathogenic  bacteria,  182,  321 

Pathogenic  protozoa.     See  Protozoa 

Pathogenicity,  fundamental  factors  of, 
181 
of  bacteria,  182 

Penicillium,  reproduction  in,  637 

Pepton-salt  solution  broth,  126 

Perez  bacillus  of  oza-na,  462 

Pericardial     exudates,     bacteriological 
examination  of,  175 

Peritoneal  exudates,  bacteriological  ex- 
amination of,  176 

Peritonitis    following    perforation    at- 
tributed to  colon  bacillus,  394 

Perlsurht,  498 

Pernicious  anemia  and   Bacillus  aSro- 
genes  capsulatus,  177 


Petri  dish,  115,  144 

Petruschky,  discovery  of  Bacillus  feca- 

lis  alkaligenes  by,  26,  427 
Pfeiffer,  discovery  of  influenza  bacillus 
by,  636 
discovery  of  Micrococcus  catarrhal  is 

by,  386 
discovery  of  pseudo-influenza  bacillus 
by,  641 
Phagocytic  index,  286 
Phagocytosis,  276 
cells  active  in,  276 
"fixed,"  276 
macrophages,  276 
microphages,  276 
"wandering,"  276 
cells  of  animal  origin  in,  278 
chemotaxis  in,  277 
complement  or,  "cytase"  in,  279 
definition   of,  276 
dependence  of,  on  opsonins,  281-282 
diminution  of,  upon  introduction  of 
bacteria    without    opsonic    serum, 
282 
immune  body  or  "fixator"  in,  279 
immunity  and,  279 
in  higher  animals,  276 
in  protozoa,  275 
increase  of,  upon  the  introduction  of 

opsonic  substances  in  serum,  282 
macrophages  in,  276 
Metchnikoff's  theory  of,  276 

opposition  to,  279 
microphages  in,  276 
process  of,  in  the  body  upon  intro- 
duction of  bacteria,  277 
upon    introduction    of    nutrient 
broth,  276 
susceptibility  of  various  microorgan- 
isms to,  278 
variety  of  phagocyte  in,  determined 
by  the  bacterium,  278 
Phenol  production  by  bacteria,  167 
Phosphates  in  the  nutrition  of  bacteria, 

29' 
Phosphorescence  produced  by  bacteria, 

59 
Phragmidiothrix,  37 
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Phycomycetes,  635 

Pigment,  formation  of,  by  bacteria,  S9 

chemical  nature  of,  59 

cultural  conditions  on,  60 
Piroplasmide,    as    cause    of    Southern 

cattle  fever,   787 
clinical  observations  on,  788 
family  of,  787 
morphology  of,  787 
transmission  of,  788 
Pityriasis  versicolor,  639 
clinical  picture  of,  039 
microorganism  causing.     See  Micro- 

sporon  furfur 
occurrence  of,  039 
Plague,  bacillus  of,  664 

biology  of,  657 

control    of,    by    fumigation    with 
hydrocyanic  gas,  92 

degeneration   forms  of,  20 

immunization  against,  561 
active,  501 

involution  forms  of,  on  salt  agar, 
557 

isolation  and  cultivation  of,  550 

lesions  in  animals  produced  by,  659 

morphology  of,  555 

pathogenicity  of,  558 

relation  of  rats  to,  560 

resistance  of,  557 

staining  of,  656 

toxins  of,  561 

transmission  of,  600 

variations  in  virulence  of,  669 

viability  of,  557 
epidemics  of,  554 
in  animals,  558 

in  California  ground  squirrels,  560 

in  Manchurian  marmot,  560 

inoculation  in,  559 

spontaneous  infection  in,  659 
in  man,  .558 

autopsy  findings  in,  558 

bacteriological  diagnosis  of,  in  life. 
558 

infection    in,   558 

localizpti  form  of,  558 

pneumonic  form  of,  568 


Plague,  transmission  of,  560 

Plague-like  disease  in  ro<lent8,  562 

Planococcus,  36 

Planosarcina,  37 

Plasmodia,  diiTerentiated  from  coccidia, 
706 
examination  of,  in  fresh  blood,  774 
finer  structure  of,  772 
form  of,  767 

Plasmodium  falciparum,  771 
Plasmodium  malarie,  770 
Plasmodium  vivax,  767 
life  cycle  of,  766 

Plasmodium    falciparum,    morphology- 
of,  771 

Plasmodium  malarie,  706 
morphology  of,   770.     See  aUo  Ma- 
larial Parasites 

Plasmodium  prnK-ox,  763 

Plasmodium  tcnue,  787 

Plasmodium  vivax,  767,  780,  787 
morphology  of,  767 

Plasmolysis  of  bacterial  cell,  23 

Plasmoptysis  of  bacterial  cell,  24 

Plating  in  isolation  of  bacteria,  143 

Pleural  exudates,  bacteriological  exam- 
ination of,  176 

Pleuro-pneumonia,  organism  of,  542 

Plotz  bacillus,  cultivation  of,  678 
obtaining  of,  678 

Pncumobacillus.    See  Bacillus  murosus 
capsulatus 

Pneumococcus,  discovery  of,  7 
different  types  of,  3.16 

Pneumococcus.     See  Diplococcus  pneu- 
moniiE 

Pneumococcus-streptococcus  group,  mu- 
tation, 370 

Pneumonia,  complications  of,  362 
lobar,  ctiolofiy  of,  ,361 
infectiousness  of,  352.  361 

Poisons,  bacterial.     See  Bacterial  poi- 
sons 

Polar  bodies,  11 

special  stains  for,  107 

Poliomyelitio.  acute  anterior,  664 
immunity  in.  606 
infectiousness  of,   004 
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Poliomyelitis,    inoculation    of    animals 

with  spinal  substance  of,  664 

by  Flexner  and  Lewis,  666,  666, 

667 
by  Knoepfelmacber,  666 
by     Landsteiner    and    Levaditi, 

665,  667 
by  Landsteiner  and  Popper,  665 
resistance  of  virus  of,  666 
Polychrome  stains  in  staining  of  bac- 
teria, 107 
Polymastigina,  definition  of,  738 
lamblia  intestinalis,  739 
tetramitis  mesuili,  739 
trichomonas,  738 
Potato  media,  130 

glycerin,  130 
Pour  plate,  technique  of  making,  145 
Precipitin  tests,  253 
bacterial  filtrates  for,  264 

technique  of,  266 
determining  nature  of  meat  by,  264 
precipitating  antiaera  for,  253 
against  albumin  solutions,  263 
technique  of  production  of,  263 
protein  solutions  to  be  tested  by,  264 
Precipitins,  200,  235 
agglutinins  and,  structure  of   (Ehr- 
lich),  238 
cell-receptors  in,  238 
theoretical  considerations  concern- 
ing, 238 
bacterial  differentiation  by,  237 
differentiation   of   proteids   by,   237, 

254 
distinguishing  blood  of  animal   spe- 
cies by,  237 
effect  of  heat  on,  236 
experimentation  in,  235 
group  reaction  of,  237 
identity   of,   with   sensitizers,   236 
in  pneumococcus  immune  serum,  364 
in    streptococcus    immune    horse   se- 
rum, 347 
nature  of,  236 
specificity  of,  237 
Pressure,  relation  of,  to  bacteria,  34 
Proagglutinoids,  236 


Proteid  differentiation  by  complement 
fixation,  273 
substances  necessary  for,  273 
technique  of,  274 
by  precipitins,  237,  254 
Proteid  injections,  anaphylaxis  in,  296 

See  also  Anaphylaxis 
Proteids  in  bacterial  cell,  22 
Protein  solutions  for   precipitin  tests, 

preparation  of,  264 
Proteins,  bacteria],   186 
Proteolytic  enzymes,  43 
action  of,  44 
in  breaking  down  animal  excreta, 
46 
bacteria  producing,  44 
proteids  necessary  to,  44 
ptomains  produced  by,  45 
Proteosoma  ( Plasmodium)  precox,  763 
Proteus  group,  bacilli  of,  454,  455 
cultivation  of,  454 
morphology  and  staining  of,  464 
occurrence  of,  454 
pnthojrenicity  of,  466 
Protomonadina,  740 
bodonidie,  740 
prowazekia,  740 
cercomodidee,  740 
Cercomonas  hominis,  740 
definition  of,  740 
trypanisomidie,  740 
Protozoa,  classification  of,  721 
definition  and  functions  of,  721 
infusoria  (ciliata),  792 
mastigophora    (flagellata),  721,   738 
sarcodina   (rhizopoda),  721,  723 
gporozoa,  722,  760 
technique    of    blood    examinations 
for,  795 
Protozoa   and   bacteria,  differentiation 
of,  1 
staining  of,  108 
Prownzekia,  740 

Pseuilo-dysentery  bacillus,  437,  438 
Pseudo-influenza  bacillus,  541 
Pseudo-membranos  in  diplithcria,  618 
Pspudomeningococcus,  379 
Pseudomonas,  37 
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Ptomains,  46,  186,  306 

bacterial  poisons  and,   185 

discovery  of,  185 

occurrence  of,  185 

toxins  distinguished  from,  46 

varieties  of,  45 
Pus,    bacteriological    examination    of, 

175 
Pus  cells  and  leucocytes  in  milk,  706 
Putrefaction,  action  of,  44 
Putrefactive  bacteria,  quantitative  an- 
alysis of,  21 
Putrescin,  45 

Pyemia,  definition  of,  184 
Pyocyanase,  680 

immunizing  powers  of,  580 
Pyocyanin,  578 
I'yocyanolysin,  581 
Pyrogallic  acid,  use  of,  in  cultivation 

of  anaerobic  bacteria,  152 


QuABTAN  fever,  parasite  of,  770 

symptoms  of,  776 
Quinine,  blackwater  fever  precipitated 

by,  786 


Rabies,  046 
course  of,  647 
in  animals,  647 
in  men,  648 
cultivation  of  organism  of,  by  Nogu- 

chi,  651 
diagnosis   of,    by    proscncc   of   \ogri 
bodies   in  central  nervous  system, 
648-6.50 
experimontnl    infection   of,  646 
inruhntion  in,  647 

Negri  l)0(lios  in  central  nervous  sys- 
tem. 648 
demonstration  of,  648 

by  Van  Oioson's  method,  64!) 
by  Williams  and  Lowden's  meth- 

o<l.   650 
staining  in,  640 

Mann's   method  of,  649 
diagnosis  by,  649-650 


Rabies,  occurrence  of,  646 
pathology  of,   648 

specific  therapy  of   (Pasteur's  tech- 
nique), 652 
attenuation    and     preparation    of 

virus  fixe  in,  652 
inoculation  of  rabbits  with   virua 

fixe  in,  652 
spinal   cord   of   inoeulnte<l    rabbits 
in  desiccation  of.  653 
emulsification  of,  654 
treatment  of  cases  with  injections 
of  spinal-cord  solution  in.  664 
Hiigj-es  dilution  method  in,  iHQ 
scheme  of,  used  at  Pasteur  In- 
stitute, 654 
xised  in  New  York  Department 
of  Health,  655 
virulence  of  virus  of,  647 
Racial  immunity,  101 
"Rage."    Sfe  Rabies 
Rat,  relation  of,  to  plague,  560 
Rat-bite  fever,  017 
Rat  leprosy,  510 

relation  of,  to  human  leprosy,  611 
Rauschbrand.     Sec  Bacillus  of  sympto- 
matic anthrax 
Receptors   of   toxin    molecule    in    side- 
chain  theory,  21.3 
chemical  action  of,  213 
overproduction  of.  214 
Red  blood  cells,  antilxMlies  pro<hiced  by. 

200 
Reducing  powers  of  bacteria,   lt)7 
Refractive  index  of  parts  of  bact<-rial 

cell.  24 
Reichel  filter,  122 

Reichert's  thormoregulator.  1.">K.  LW 
Relapsing  fever,  605 
immunity  in,  010 
symptoms  of,  608 
transmissiim  of.  010 
varieties  of,  609 
Relap^^ing   fever   spirocha-te,  fiO.'J 
cultivation  of.   606 
morphology  and  staining  of,  605 
patliog<'nieity  of,  608 
in  animals,  608 
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Relapsing  fever  spirochste,  pathogenic- 
ity of,  in  man,  608 
symptomg  of,  608 
transmission  of,  610 
varieties  of,  600 
Reproduction  of  bacteria,  17  ^/ 
Resistance  of,  definition  of,  180 
Rhinoscleroma,  bacillus  of,  451 
Rhizopoda.    Bee  Sarcodina 
Ricin,  experimentation  with,  204 
Ringworm,  643 
Rodents,  destruction  of,  by  hydrocyanic 

gas,  92 
Root  tubercles,  S6 
microorganism    of  nitrogen   fixation 
in,  56 
Roux's  method  of  anaSrobic  cultivation 

of  bacteria,  149 
Russell's  double  sugar  agar  for  colon- 
typhoid  differentiation,  138 

Sacchabomtcetes.      See    Yeasts    and 

Yeast  cells 
Salts  in  nutrition  of  bacteria,  28 
Saprophytes,  bacterial,  29,  30 

definition  of,  182 
Sarcina^  36 

Sarcodina,  amebse,  723 
Sarcophysematous  bovis.     See  Bacillus 

of  symptomatic  anthrax 
Sarcosporidia,  791 
Scarlatina.    See  Scarlet  fever 
Scarlet  fever,  676 

favorable   influence  of   streptococcus 
antisera  in,  076 

streptococci  present  in,  676 

traced  to  milk,  704 
Schaudinn  and  Hoffmann,  discovery  of 

Spirocha>ta  pallida  by,  504 
Schizomycetes,  36 
Schizonta,  760 
Schizotrypanum  cruzi,  755 
Schweineseuche,  553 
Scorpion  poison,  antitoxin  for,  199 
"Sensitization"  of  antigen,  241 
Septicemia,  definition  of,  184 

diagnosis  of,  by  isolation  of  bacteria 
from  the  blood,  178 


Septicemia,  due  to  colon-bacillus  infec- 
tion, 394 
hemorrhagic.     See  Hemorrhagic  sep- 
ticemia 
Serum  media,  131 

Loeffler's,  131 
Scrum  reactions,  technique  of,  250 

See  also  under  individual  tests 
agglutination  tests  in,  251 
antigen  determined  in,  by  comple- 
ment fixation,  271 
for  typhoid  fever,  271 
obtaining  of  material  for,  271 
test  in,  272 
bactericidal  and  bacteriolytic  tests 

in,  255 
complement  fixation  in,  for  deter- 
mination of  antibodies,  262 
for    determination    of    antigen, 

271 
for  proteid  differentiation,  273 
hemolytic  tests  in,  259 
precipitin  tests  in,  253 
proteid  differentiation  by  comple- 
ment fixation  in,  273 
substances  necessary  for,  273 
test  in,  274 
Wassermann  test  in,  263 
modifications  of,  268 
"Serum  sickness,"  296 
Serum   water  media   for   fermentation 

tests,  132 
Shick   reaction,  for  determining  pres- 
ence of  diphtheria  antitoxin  in  blood, 
526 
Shiga,  discovery  of  dysentery  bacillus 

by,  435 
Shiga's  bacillus,  435 

cultural  characteristics  of,  43ft 
morphology  of,  435 
Side-chain    theory    of    toxin-antitoxin 
reaction,  212 
chemical  action  in,  213 
elements  of  molecules  in,  213 
atom  group,  213 
side  chains  or  receptors,  213 
over-production  of  receptors  in,  214 
Side  chains,  action  of,  in  Ehrlich's  the- 
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ory  of  lytic  process  in  blood  serum, 
226 
Slanting  of  culture  media,  123 
Sleeping   sickness.     Bee  Trypanosomi- 
asis 
"Slimy"  milk,  bacteria  causing,  703 
Smallpox,  667 
etiological  factor  of,  657 
immunization  in,  658 
by  vaccination,  669,  663 
Jenner's  discovery  of,  669 
technique  of,  663 
value  of,  663 
production  of  vaccine  for,  647.  See 
aUo  under  Vaccine 
occurrence  of,  657 
protozoan  incitant  of,  research  for, 

657 
relation  of  chicken-pox  to,  660 
relation  of  cowpox  to,  659 
transmission  of,  668 
vaccine  bodies  in,  discovery  of,  657 
explanations  for,  658 
Ewing's,  658 
Smegma  bacillus,  502,  603,  694 
cultivation  of,  504 
morphology  of,  503 
occurrence  of,  503 
staining  of,  504 

identification  of  bacillus  by,  504 
tubercle  bacillus  and,  differentiation 
between,  by  stains,  106 
Smith's  modlflcation  of  Pitfield's  meth- 
od of  staining  (lagella,  101 
Snake  poison,  antitoxin  for,  199 
Soil,  bacteria  in,  685 

from  burial   of  infected  cadavers, 

687 
in  agricultural  regions,  685 
numerical  estimation  of,  687 
patliogenic,  in  surface  layers,  686 
Solutions,    saturated,    for    staining   of 
bacteria,  95 
staining-powcr  of,  96 
Soor.    See  Thrush 

Southern  cattle  fever,  parasite  of,  787 
Species  immunity,  190 
differences  in,  190 


Specific  gravity  of  forma  of  bacterial 

cell,  24 
"Specific  precipitates,"  235-236 
Spider  poison,  antitoxin  for,  199 
Spinal   fluid,   bacteriological  examina- 
tion of,  176 
SpirillaceK„37 
Spirillum,  37 

description  of,  9 
Spirillum  cbolene  asiaticff.    See  under 

Cholera 
Spirillum  Deneke,  591 
Spirillum  of  Finkler-Prior,  639 
Spirillum  Massaua,  591 
Spirillum  Metchnikovi,  590 
Spirochseta,  genus,  37 
Spirochsta  anserina,  616 
Spirochffita  calligyrum,  617 
Spirochteta  Duttoni,  610 
Spirochteta  gallinarum,  616 

cultivation  of,  by  Noguchi,  616 

immunization  against,  616 

similarity  of,  to  Spirochasta  anser- 
ina, 616 

transmission  of,  615,  616 
Spirocheeta  icterohemoragica,  617 
Spirochteta  macrodentium,  617 
Spirochseta  microdentium,  617 
Splrochscta  pertenuis,  614 

morphology  of,  615 

similarity  of,  to  Spirochteta  pallida, 
015 
Spirochsta  phagedenis,  616 
"Spirochseta  refringens,"  595 
Spirochete  of  relapsing  fever.    See  Re- 
lapsing fever  spirochete 
Spirochtete   of   Vincent's   angina.     Bee 

Vincent's  angina,  spirochtete  of 
Spirochtetes,  cultivation  of,  593 

differentiation  of,  from  spirilla,  59.1 

diseases    caused    by,   592.     Bet  alto 
under  specific  names 

reproduction  in,  692 

structure  of,  692 
Spirosoma,  37 
RpUmomepaly,  infantile.  758 
Spore   stains   in   staining  of   bacteria. 
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Spores,  bacterial,  15 
formation  of,  15 
germination  of,  17 
poBition  of,   17 
relation  of  temperature  to  cultures 

with,  33 
varieties  of,  16 
arthrospores,  16 
true  or  endospores,  16 
vegetative  forms  from,  17 
Sporonta,  760 
Sporotrichosis,  644 
6porozoa,  hemosporidia,  760 
sarcosporidia,  701 
subclasses  of,  neesporidia,  791 
telosporidia,  760 
Sporulation,   physiological   significance 
of,  17 
process  of,  16 
Sprue,  tropical,  640 
Sputum,  disinfection  of,  87 
Stable  antitoxin,  206 
Staining  of  bacteria,  chemical  princi- 
ples in  process  of,  1)6 
acid-fast  bacteria  stains,  104 
Baumgarten's  method,  106 
Bunge  and  Trautenroth's  meth- 
od, 106 
Ehrlich's  method,  104 
Gabbet's  method,  105 
Pappcnheim's  method,  106 
Ziehl-Neeison  method,  106 
capsule  stains,  98 
Buerger's  method,  09 
Hiss'  methods,  98 

copper  sulphate,  98 
Huntson's  method,  98 
Wadsworth's  metliod,  09 
Welch's  method,  98 
differential  stains,  102 
Gram's  method,  102 
classification  by,  104 
Paltaurs  modification  of,  103 
Sterling's  modification  of,  103 
flagella  stains,  100 
toeffler's  method,  100 
Smith's  modification  of  Pitfield's 
method,  101 


Staining  of  bacteria,  chemical  princi- 
ples in  process  of,  flagella  stains, 
Van  Krmengem's  method,  lUl 
polychrome  stains,  107 
Giemsa's  method,  108 
Jenner's  method,  108 
Wood's  method,  109 
Wright's  modification  of  Leish- 
man's  method,  108 
special  stains  for  polar  bodies,  107 
Neisser's  method,  107 
Roux's  method,  107 
spore  stains,  07 
Abbott's  method,  97 
Moeller's  method,  98 
staining  in  tissues,  110 
for  actinomyces  in  sections,  112 
for  Gram-positive  bacteria,  III 
Gram-Weigert  method.  111 
in  celloidin  sections.  111 
in  parafiin  sections.  111 
for  tubercle  bacilli  in  sections, 
112 
in  celloidin  sections.  1 12 
in  parafiin  sections,  112 
Loefilerfs  method,  112 
saturated  solutions  used  in,  95 
staining  solutions  in,  power  Of,  06 
steps  in  process  of: 

(1)  smearing,  94 

(2)  drying,  95 

(3)  fixing,  95 

(4)  staining.  05 

(5)  washing,  95 

(6)  blotting,  05 

(7)  mounting,  95 
Standardization  .  of    diphtheria    anti- 
toxin. 218 

of  tetanus  antitoxin,  221 
Staphylococci,  321.    See  also  under  in- 
dividual staphylococci 

definition  of,  321 

in  feces,  177 
Staphylococcus  epidermidis  albus,  332 
Staphylococcus  pyogonos  albus,  332 
Staphylococcus  pyogenes  aureus,  322 

rnltural  characters  of,  323 

immunization  against,  331 


844 


INDEX  OF  SUBJECTS 


Staphylococcus  pyogenes  aureus,  immu- 
nization against,  active,  332 
agglutinins  in,  331 
modes  of  inoculation  with,  327 
morphology  of,  322 
pathogenicity  of,  326 
in  animals,  327 
in  man,  327 
pigment  formation  of,  326 
resiDtance  of,  326 
to  chemicals,  326 
to  desiccation,  326 
to  heat  and  cold,  325 
staining  of,  322 

susceptibility  of  animals  to,  326 
susceptibility  of  man  to,  327 
thermal  death  point  of,  325 
toxic  products  of,  328 
endotoxins,  328 
hemolysins,  328 

leucocidin,    329.     See  alto   under 
Leucocidin 
virulence  of,  326 
Staphylococcus  pyogenes  citreus,  332 
Steam  in  sterilization,  67 
live,  69 
saturated,  68 
superheated,  68 
Stegomyia  fasciata,  673 
Sterilization  of  culture  media,  121 
filtration  in,  122 
heat  in,  121 
Sterling's  modification  of  Gram's  stain, 

103 
Sternberg,     discovery    of    Diplococcus 

pneumonite  by,  353 
Stimulins,  281 

Streaking,  surface,  in  isolation  of  bac- 
teria, 148 
"Street  virus,"  647 
Streptococci,  36,  335 
capsulatoci,  description  of  organisms 

reported  as,  367-369 
clasRification  of,  347 
by  Andrews  and  Horder,  349 
by  carbohydrate  fermentation  pow- 
ers, 348 
by  reactions  to  immune  sera,  349 


Streptococci,  classification  of,  morpho- 
logical, 348 
Streptococcus    longus    seu    ery- 

sipelatoB  in,  348 
Streptococcus  minor  seu  viridans 

in,  348 
Streptococcus  mucoeus  in,  348 
definition  of,  335 

differentiation  of,  from  pneumococci, 
357,  367 
cultural,  368 
morphological,  367 
epidemic  throat  infections  by,  343 
in  feces,  177 
in  milk,  705 
in  milk  epidemics,  343 
predilection  of,  for  definite  tissues, 

351 
preparation  of,  for  agglutination  teat, 

251 
pyogenic.    Bee   Streptococcus    pyog- 
enes 
Streptococcus  anginosus,  349 
Streptococcus  equinus,  349 
Streptococcus  erysipelatis,  342 
Streptococcus  equinus,  349 
Streptococcus   longus   seu  erysipelatos, 

348 
Streptococcus     mitior     seu     viridans, 

348 
Streptococcus  mucosus,  350,  351 
Streptococcus  pyogenes,  335 
brevis,  337,  338 
cultivation  of,  337 
early  experimentation  with,  335 
immunization  against,  345 

immune   sera  of   infected  animals 
in,  345 
agglutinins  in,  347 
precipitins  in,  347 
specificity  of,  347 
standardization  of.  347 
leucocyte  extracts  in,  347 
technique  of,  346 
lonpiig.  337 

modes  of  inoculation  with,  341 
in  animals,  341 
in  man,  342 
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lrept<)cooc>i8     pyogenes,     morpliologj- 
of,  337 
-jiy  puthiippnirit.r  of,  340 
in   unimiiU,   340 
in   mnn.  342 

resistance  of,  339 

Btainin^  of,  337 

s\isr<'|itihllity  nf  animals  to,  341 

toxic  products  of.  344 
endotoxins,   344 
hemolysins,  344 

virulence  of,  340 
StrcptncoccuB  snlirarius,  349 
Stri'ptt>{hrix,  37.  010      _^ 

cultivation  of,  tV21 

niorjiliolopj-  of,  010,  821 
Rulilftlutl  doat'B  nf  virulent  bacteria  in 

active  inimunizatiun,   lUS 
Suctoria.     .Sef  Infusoria 
Sugar-free  broth.  12.5 
Sulphates  in  nutrition  of  bacteria,  29 
Snlphur  bacteria,  60 

physiology  of,  61 

spectroscopic  examination  of,  61 

varieties  of,  60 
Sulphur    dioxid     as    disinfectant,    88, 

80 
Sulpluirotted  hydrogen.     Set  Hydrogen 

sulphid 
Suprarenal  cytotoxin,  201 
Surra,  clinical  course  of,  745 

occurrence  of.  745 

parasite  of.  745 

transmission  of,  745 
Swine-plague  bnoilhis.  553 

dilTercntintinn    nf.    from    hog-cholera 
bacilhis,  554 

inimuniir.ntion  against,  553 

morphology  of,   5S3 

piithogi'nioity  of.  553 
Symbiosis  of  bacteria.  30.  31 
Symptomatic  iinthrnx,  bacillus  of.    See 

Anthrax,   symptomatic 
Syphilis.  r<<X< 

in  mnnki-ys.  601 

in  ralihits.  (i(»2 

microorganism    of.     8cc   Spirochnta 
pallida 


Tammno  nf  hides,  bacteria  in,  720 
Telosporidia.     iS'er  Hcnmsporidia 
Temperature,    attained    by    application 
of  various  degrees  of  pressure,  72 
effect  of,  on  activity  of  bacteria,  15 
high.  34 
low,  34 
relation  of,  to  bacteria,  31 
maximum,  31 
mininiuni,  31 
optimum.  .32 
tn  cultures  with  spores,  33 
to  vegetative  forms,  33 
Tertian  fever,  parasite  of,  767 

symptoms  of.  776 
"Tetanolysin,"  205,  464 
"Telanospasmin,"  463 
TetanUH  antitnxin,  220 
production  of,  220 
horses  used  in.  221 
technitjue  of,  221  , 

toxin  for.  220 
standanlization  of,  222 
therapeutic  value  of.  464 
unit  nf  (Society  of  .\nierican  Bacteri- 
ologists). 222 
Tetanus  bacillus.  456 

autopsy  findings  in  infections  of,  400 

birdogical  characteristics  of,  458 

cviltivntion   of,  458 

distribution  of,  457 

early  observation  of,  456 

favorable   ennditions   for   growth   of, 

459 
incubation  of.  460 
isolation  of.  by  Kitasato,  456 
morphology  of,  456 
pntliopenicity  of.  459 
following  wounds,  480 
relation  nf  spores  to.  459 
resistance  nf.  450 
stiiirnng  of.  457 
toxin  nf,  460 
central    nervous    system    nttackeil 
by,  463 
mode  nf  reaching,  463 
incubation   period  of,  463 
isolation  of,  461 
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TetanuB  bacillus,  toxin  of,  isolation  of, 
by  chemical  reaction,  462 
by  flitration,  461 
by  precipitation,  461 
production  of,  461 
resiutance  of,  462 
strength  of,  462 
susceptibility  of  animals  to,  462 
Tetanus   spores,   transportation  of,    to 

organs,  460 
Tetramitis  mesnili,  730 
Thermal  death  points,  33 
Thermo-regulators  for  incubators,  169 
LautenschlHger's,  168,  169 
Reicliert,  158,  150 
Thiothrix,  38 
Thrush,  640 

microorganiRm  causing,  640 
Tick.    See  Margaropus  annulatus 
Timothy,  bacillus  of,  502 
Tissue  sections,  method  of  staining.  111 
Gram-Weigert,  111 
in  eelloidin  sections.  111 
in  paraffin  sections,  111 
staining  of  bacteria  in,  110 
Titration  of  culture  media,  117 
color  indicator  in,  117 
process  of,  117 

for  alkaline  media,  118 
reaction  of,  117 
adjustment  of,  119 
Tobacco  industry,  bacteria  in,  719 
Toxin,  constitution  of  (Ehrlich),  210 
graphic  form  of  (Ehrlich),  211 
views  of  Arrhenius  and  Madsen  on, 
212 
diphtheria.     See    under    Diphtheria 

toxin 
endotoxin  distinguished  from,  186 
cpitoxoid  ill,  208 

in  8i<h"-chain  theory,  cell-nutrition  in, 
213 
chomioal  action  of,  213 
elements  of.  21.'J 
atom  jiroup,  213 
side  chains  or  receptors,  213 
overproduction  of  receptors  in,  214 
molecule  of,  haptophore  group  in,  207 


Toxin,  molecule  of,  toxophore  group  in, 
207 
partial  absorption  of,  209 
standardization  of,  207 
Limes  death  in,  208 
Limes  zero  in,  207 
time  changes  in,  206 
toxoid  form  of,  207 
protoxoids  in,  209 
syntoxoids  in,  209 
toxon  and,  difference  in  action  of,  209 
toxon  in,  200 
used    for    production    of    diphtheria 

antitoxin,  216 
valency  of  antitoxin  for,  210 
Toxin-antitoxin  reaction,  203 
■ide-chain  theory  in,  212 
summary  of,  216 
theories  as  to  process  of,  203- 
by  destruction  of  toxin  by  its  spe- 
cific antitoxin,  203  ♦ 
by  direct  union  of  toxin  and  anti- 
toxin, 203 
through  mediation  of  tissue  cells, 
203 
time  element  in,  204 
Toxin  solution,  normal,  206 
Toxin  unit,  205 
Toxins,  185 
compared  with  pigments,  186,  300 
summary  of,  305 
Toxoid  form  of  diphtheria  toxin,  207 
Toxoids,  varieties  of.  209 
epitoxoid  form  in,  208 
protoxoids,  209 
syntoxoids,  200 
Toxon,  in  diphtheria  toxin,  200 

toxin  and,  ditTerence  in  action  of,  209 
Toxon  molecule,  200 

haptophore  group  in,  200 
toxophore  group  in,  200 
Toxophore  group  in  toxin  molecule,  207 

in  toxon  molecule,  200 
Trnchomu.  hemoglobinophillc  itacilli  in. 

,541 
Trcponcmn  marsus  muris,  til" 
Treponoma  pallidum.  5U3.  (117 
animal  pathogenicity  of,  601 
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Treponema    pallidum,    cultivation    of, 
599 
dark-field  examination  of,  597 
by  MUhlcns,  COO 
by  Noguchi,  600 
demonstration  of,  596 
in  living  state,  596 
in  smears,  597 
by  India-ink  preparation,  598 
by     Schaudinn     and     Hoffman's 

method  of  staining,  597 
by   Wood's  method  of  ataining, 
597 
in  tissues,  598 

by  Levaditi's  method,  598 
by    Levaditi    and    Manouelian's 
method,  599 
immunization  against,  603 
active,  603 
.     passive,  003 
infection  of  animals  by,  601,  602 
of  cornea  of  rabbits,  602 
of  tests  of  rabbits,  002 
morphology  of,  595 
observation  of,  596-597 
occurrence  of,  in  syphilis  eases,  605- 

596 
staining  of,  108 

Fontana's  method  for,  698 
Trichomonas,  738 
Trichomonas  intestinalis,  738 
Trichomonas  vaginalis,  738 
Trichomycetes.    See  Chlamydobacteria- 

cesB 
Trichophyton  tonsurans,  643 
cultivation  of,  644 
demonstration  of,  643 
morphology  of,  643 
occurrence  of,  643 
Tricresol,  78 
Trillat  autoclave,  89 
Tropical  sprue,  640 
Trypanosoma  avium,  750 
Trypanosoma  brucei,   as  cause  of  na- 
gana,  745 
cultures  of,  747 
morphology  of,  746 
transmission  of,  746 


Trypanosoma  equiperdum,  as  cause  of 
dourine,  748 
occurrence  of,  748 
site  of,  749 
Trypanosoma  evansi,  as  cause  of  surra, 
745 
morphology  of,  745 
Trypanosoma   gambiens),   animal    host 
of,  753 
as  cause  of  trypanosomiasis,  751 
morphology  of,  753 
pathogenicity  of,  753 
Trypanosoma  hippicum,  disease  due  to, 
747 
incubation  period  of,  747 
morphology  of,  748 
prophylaxis  against,  748 
Trypanosoma  lewisi,  immunity  to,  743 
insect  hosts  of,  744 
morphology  of,  744 
multiplication  of,  744 
occurrence  of,  743 
transmission  of,  743 
Trypanosoma  rhodesiense,  754 
Trypanosoma  rotatorium,   cultures   of, 
743 
morphology  of,  742 
multiplication  of,  743 
occurrence  of,  742 
Trypanosomiasis,  clinical  signs  of,  752 
diagnosis  of,  754 
etiology  of,  752 
mortality  from,  751 
prophylaxis  against,  754 
symptoms  of,  751 
treatment  of,  764 
Trypanosomidte,  cultivation  of,  742 
history  of,  740 
morphology  of,  741 
species  of,  740,  741 
transmission  of,  741 
Tubercle  bacillus,  479 
bacilli  related  to,  498 
Bacillus  butyricus,  502 
bacillus  of  avian  tuberculosis,  500 
cultivation  of,  500 
discovery  of,  500 
morphology  and  staining  of,  600 
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Tubercle  bacillus,  bacilli  related  to,  ba- 
cillus of  avian  tuberculosis,  sus- 
ceptibility of  animals  to,  600 
bacillus  of  bovine  tuberculosis,  408 
cultivation  of,  490 
differentiation   of,   from   hiunan 

type,  499 
early  investigation  of,  408 
morphology  of,  490 
bacillus  of  fish  tuberculosis,  496 
bacillus  of  leprosy,  502,  500 
bacillus  of  timothy,  502 
bacillus  of  turtle  tuberculosis,  601 
Bacillus  smegmatis,  502 
biological  considerations  of,  486 
chemical  analysis  of,  490 
cultivation  of,  483 
media  for,  484 
"Nahrstoff  Heyden"  in,  486 
discovery  of,  7 
early  investigation  of,  479 
examination  for,  by  animal  inocula- 
tions, 175 
by  Ziehl-Neeleon  staining  method, 
176 
in  circulating  blood,  489 
in  feces,  178 
in  milk,  709 
isolation  of,  483 

Petroff'g  method  of,  484 
leprosy   bacillus  and,  differentiation 

between,  by  stains,  106 
methods  of  staining,  104,  105,  106 
in  sections,  112 
celloidin,  112 
paraffin,  112 
morphology  of,  479 
Much  granules,  482 
pathogenicity  of,  486 
frequency  in,  487 
mode  of  infection  in,  487 
mortality  in,  487 
preparation     of,     for     agglutination 

tost,  251 
quantitative  analysis  of,  22 
smegma  barillus  and.  tlifferentiation 

botwoen,  by  Rtains,  106 
staining  of.  4H0 


Tubercle   bacillus,   staining   of,   differ- 
entiation    of,     from     acid-fast 
group   by  Pappenheim'a  method 
of,  482  . 
Ehrlich's    anilin-water-gentian-vio- 

let  solution  in,  481 
Gabbet's  decoloration  and  counter- 
staining  in,  481 
Ziehl's  carbol-fuchsin  solution  in, 
481 
toxins  of,  490 

endotoxins  in,  490 
tuberculins  in,  490 
bouillon  iiltr(  (Denys),  492 
"new   tuberculin-bacillary  emul- 
sion" (Koch),  492 
"new  tuberculin"  (Koch),  491 
original  method  of  making  of, 

491 
present  method  of  making  of, 
491 
"old  tuberculin"  (Koch),  491 
"tuberculoplasmin"         ( Buchner 
and  Hahn),  402 
use  of  antiformin  in  examination  for. 
483 
Tuberculin.    See  under  Tubercle  bacil- 
lus, toxins  of 
"Tuberculoplasmin"       ( Buchner       and 

Hahn),  492 
Tuberculosis,   complement   fixation    in, 
494 
frequency  of,  486 
human  and  bovine  types  of  bacilli  in, 

in  infections  of  man,  488 
immunization  in,  passive,  497 
Maragliano's  serum  in,  498 
Marmorek's  serum  in,  498 
mode  of  infection  in,  487 
mortality  of,  486 

tuberculin  in,  diagnostic  use  of,  4!)3 
cutaneous  reaction  in,  494 
in  cattle,  495 
ophthalmo  reaction  in,  494 
sulicutaneous  injection  of,  493 
dosage  and  reaction  in,  493 
therapeutic  uses  of,  496 
original.  496 
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TiiberculosiB,  tuberculin  in,  therapeutic 
uses  of,  present,  407 
dosage  in,  4))7 

preparations  employed  in,  497 
Tubing  of  culture  media,  121 
Typhoid  bacillus.     See  under  Typhoid 

fever 
Typhoid*carrier  state  in  rabbits,  404 
Typhoid  carriers,  412,  415 
Typhoid  fever,  bacillus  of,  399 

antigenic  properties  of,  421,  426 

bacteriemia  in,  406 

biological  conditions  favorable  to, 

403  ' 
cultivation  of,  399 
cultural     differences    within    the 

group,  403 
differentiation    of,    from    Bacillus 
fecalis  alkaligenes,  427 
from   meat-poisoning  and   para- 
typhoid bacilli,  428 
discovery  of,  7,  399 
immunization  against.     See  under 
Typhoid  fever,  immunization  in 
in  blood  during  disease,  405 
obtaining  cultures  of,  406 
in  feces,  177  * 

in  gall-bladder,  411 
in  rose  spots,  412 
in  sputum,  412 
in  stools,  406 
examination  in,  406 
isolation  of,  407 
on  Conradi-Drigalski  medium, 

408 
on  Eisner's  potato-extract  gel- 
atin, 407 
on  Endo's  fuchsin-agar,  409 
on   Hiss'    agar-gelatin    media, 

407 
on    LoefRer's    malachite-green 
media,  409 
time  of  appearance  in,  406 
in  urine,  411 
in  water,  694 
inoculation  of  animals  with,  404 

with  endotoxin  of,  417 
morphology  of,  399 


Typhoid  fever,  bacillus  of,  pathogenic- 
ity of,  404 
in  animals,  404 
in  man,  404 
staining  of,  339 

suppurative  lesions  due  to,  412 
toxic  products  of,  416 
obtaining  of,  417 
varieties  of: 
endotoxins,  416 
true  toxins,  416 
typhoplasmin,  416 
diagnosis  in,  by  agglutinins  in  blood 
serum,  420 
Widal  test  in,  421 

obtaining  bloo<I  for,  422 
by  bactericidal  substances  in  blood 

.serum,  419 
by  bactericidal  tests  tn  vivo,  268 
by  opsonic  index,  424 
epidemics  of,  traced  to  milk,  703 
hygienic  considerations  in,  413 
immunization  in,  417 
by  inoculation  with  typhoid  bacilli, 
417 
active,  424 

technique  of  Pfeiffer  and  Kolle 
in,  425 
of  Wright  in,  425 
substances  found  in  blood  after, 
418 
agglutinins  in,  419 
chief  or  major,  420 
group,  420 
bactericidal,  419 
bacteriolytic,  418 
opsonins  in,  424 
precipitins   in,  423 
obtaining  blood  cultures  in,  178 
prophylactic  measures  in,  414 
prophylactic  vaccination  in,  426 
specific  therapy  in,  424 
transmission  of,  413,  414 
by  flies,  415 
from  milk,  414 
from  oysters,  410 
from  water  supply,  414 
without  intestinal  lesions,  413 
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"Typhoplasmin,"  416 

Typhus  fever,  bacillus  of  Plotz,  678 

bacillus  of  Ricketts  and  Wilder,  677 

distribution  of,  677 

etiology  of,  677 

identity  of,  with  Brill's  disease,  677 

inoculation  of  animals  with,  677 

transmission  of,  679 

Ubine,  bacteriological  examination  of, 

176 
Urobacillus  liquefaciens,  455 
Uschiusky's  proteid-free  medium,  126 

Vaccine  production,  for  immunization 
in  smallpox,  660 
animals  used  in,  660 
calves  used  for,  660 

cleanliness  observed  in  stabling  of, 

660 
material   used  for  vaccinaUon  of, 

661 
vaccination  in,  661 

preparation  of  field  in,  661 
scarifications  in,  661 
vaccinia    vesicles    developed    in. 
661 
obtaining  of  vaccine  from,  662 
by  curettage,  662 
by  ivory  tips,  662 
testing  of  vaccine  in,  for  bacteria,  662 
for  efficiency,  662 
Vaccine  therapy  of  Wright,  286 
dosage  for,  288 
opsonic  curve  in,  288 
production  of  vaccines  in,  286 
standardization  of  emulsion  in,  287 
enumeration    of    bacteria    against 

red  blood  ceils  in,  287-288 
sterilization  of  vaccine  in,  288 
Vahlknnipfla,  723 
Van  Ermengem,  discovery  of  Bacillus 

botulinus  by,  476 
Van    Krmenpom's   method    of   staining 

flagella.  101 
Variola.     Srr  Smallpox 
Vegetative  forms  from  bacterial  spores, 
17 


"Vibrion    septique."      Bee    Malignant 

edema,  bacillus  of 
Vincent's  angina,  610 
spirochete  of;  611 
cultivation  of,  613 
fusiform  variety  of,  612 

bacilli  of  other  diseases  resem- 
bling, 613.    See  aUo  mnder  Fu- 
siform bacilli 
other  bacilli  accompanying,  613 
•        spirillum  variety  of,  613 

symptoms  of,  610 
Vincent's  spirilla,  staining  of,  108 
Virulence,  definition  of,  183 

determination   of,   in   diphtheria  ba- 
cilli, 519 
problem  of,  291 

variations  in,  and  infectiousness,  183 
Virulent  bacteria,  sublethal  doses  of,  in 

immunization,  195 
Virus  fixe,  in  specific  therapy  of  rabies, 
652 


Wadswobth's  method  of  staining  cap- 
sules, 99 
Was.sermann  test  for  diagnosis  of  syph- 
ilis, 263 
antigen  for,  263 

determination   of   necessary  quan- 
tity of,  265 
obtaining    of,    from    alcoholic   ex- 
tracts of  syphilitic  organs,  263 
from  alcoholic  solution  of  normal 

organs,  263 
from  salt  solution  of  syphilitic 
liver,  263 
of  syphilitic  spleen,  263 
preparation  of,  by  Noguchi  meth- 
od, 266 
complement  in,  267 
hemolytic  serum   in,  265 
obtaining  of,  265 
potency  of,  265 
quantity  of,  265 
unit  in,  definition  of,  265 
determination  of,  265 
modifications  of,  268 
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Wassermann  test  for  diagnosis  of  syph- 
ilis,   modifications    of,    Bauer's, 
260 
Noguclii's,  269 
performed    with    Spirooheeta    pallida 

antigen,  604 
preparation  for,  263 
serum  to  be  tested  for  syphilitic  anti- 
body in,  267 
sheep  corpuscles  in,  267 
technique  of,  268 
Water,  bacteria  in,  689 
in  bacterial  cell,  21 
in  ground  waters,  691 
in- 'perennial  springs,  692 
in  wells,  691 
in  rain  and  snow,  690 
in  surface  waters,  690 
influence  of  rain  on,  690 
light  and  temperature  factors  in 

purification  of,  691 
self-purification  in,  600 
pathogenic,  689 
of  cholera,  689 
of  diarrheal  diseases,  689 
of  typhoid  fever,  689 
presumptive  colon  tests  for,  697 
qualitative  analysis  of,  694 
isolation  of  cholera  vibrio  in,  695 

Koch's  method  of,  696 
isolation  of  colon  bacillus  in,  606 
isolation  of  typhoid  bacillus  in, 
694 
Adami's  and  Chapin's  method 

of,  695 
Drigalski's  method  of,  695 
Vallet's  method  of,  605 
quantitative  estimations  of,  692 
collecting  of  specimens  for,  692 
colon  bacilli  in,  606 
colon  test  in,  607 

counting  of  bacilli  in,  608 
counting  in,  004 
incubation  of  specimens  in,  604 
plating  of  specimens  in,  602 
value  of,  694 
bacteriological  examination  of, 
693 


Weil's  disease,  617 

Welch,  discovery  of  Bacillus  aSrogencs 

capsulatus  by,  471 
Welch's  method  of  staining  capsules,  98 
Welch's    modification     of    Guarnieri's 

medium,  120 
Wertheim's  medium  for  cultivation  of 

gonococcus,  381,  382 
Winckel's  disease  in  the  newborn  due 

to  colon  bacillus,  304 
Wires  used  in  transferring  bacteria,  141 
WolffhUgel  counting  plate,  162 
Wool-sorter's  disease,  573 
Wright,  method  of,  of  anaerobic  culti- 
vation of  bacteria,  160 

modification  by,  of  Buchner's  pyro- 
gallic  method  of  cultivation  of 
anaerobic  bacteria,  153 

theory  of  opsonins  of,  282 

vaccine    therapy     of.    See    Vaccine 
therapy  of  Wright 
Wright's  stain,  706 


Xebosis  bacillus,  624 


Yaws,  614 

Yeast  cells,  cultivation  of,  633 
demonstration  of,  632 
morphology  of,  620 
reproduction  in,  by  budding,  629 
by  spore  formation,  630 
Yeasts,  629 

differentiation  of,  from  other  microor- 
ganisms, 629 
fermentation  by,  630 
industrial    employment   of,   for   fer- 
mentative purposes,  52 
infection  of,  in  animals,  632 
in  man,  631 
clinical  picture  of,  032 
pathogenic  varieties  of.  033 
Yellow  fever,  668 

clinical  picture  of,  668 
distribution  of,  668 
etiology  of,  ((68 
immunity  of,  674 
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Yellow  fever,  inveBtigation  of,  by  Guj- 
teras    and    Marchoux,    Salim- 
beni  and  Simond,  673 
results  of,  673 
by  Reed,  Carroll,  Agramonte,  and 
Lazear,  670 
results  of,  673 
microorganism  of,  biological  proper- 
ties of,  669 
research  for,  668 
by  Cornil  and  Babes,  669 
by  Sanarelli,  669 
by  Sternberg,  669 
Stegomyia  fasciata  in,  673 
description  of,  673 
power    of    transmission   of    infec- 
tion by,  reasons  for,  674 


Yellow    fever,   Stegomyia    fasciata    in, 
tropical     countries     most     fa- 
vorable for,  674 
transmission  of,  670 
by  mosquitoes,  670 

discovery  of,  by  Finlay.  670 
investigation    and    oonflrmation 
of,  by  United  States  Commis- 
sion, 670 
Versin,  discovery  of  plague  bacillus  by, 
556 

ZuB  Xeodex'8  bacillus,-  647 

cultivation  of,  647 

morphology  and  staining  of,  547 

pathogenicity  of,  547 
Zymase,  51,  630 
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